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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an apparatus for 
converting a voltage for converting a DC voltage into an 
output voltage so that the output voltage becomes a voltage 
command value, even when a boosted output voltage is 
changed. 

SOLUTION: A control unit 30 receives the output voltage V2 
of a boost converter 12 from a voltage sensor 13, calculates 
errors in the voltage command from the voltage V2, and 
regulates a PI control gain (proportionality gain and 
integration gain), in response to the calculated mistake. The 
unit 30 feedback controls by using the regulated PI control 
gain, and the converter 12 converts the DC voltage output 
from a DC current power source B into the voltage V2 so 
that the voltage V2 becomes the voltage command. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The electrical-potential-difference converter which is the electrical-potential-difference inverter 
which changes the direct current voltage from DC power supply into said output voltage so that output 
voltage may turn into a command electrical potential difference, changes the voltage level of said direct 
current voltage, and outputs output voltage, The error of a detection means to detect the output voltage 
outputted from said electrical-potential-difference converter, and said command electrical potential 
difference and said detected output voltage, And detect said rate of the command change of potential, and 
the control gain in the feedback control of said output voltage is adjusted according to said error and rate of 
change which were detected. An electrical-potential-difference inverter equipped with the control means 
which controls said electrical-potential-difference converter so that said output voltage turns into said 
command electrical potential difference by the feedback control using the adjusted control gain. 
[Claim 2] Said detection means is an electrical-potential-difference inverter according to claim 1 which 
detects the input voltage to said electrical-potential-difference converter, and detects said output voltage 
based on the detected input voltage and the conversion ratio in said electrical-potential-difference converter. 
[Claim 3] Said detection means is an electrical-potential-difference inverter according to claim 1 which 
detects the direct current voltage outputted from said DC power supply based on the temperature of said DC 
power supply, and detects said output voltage based on the detected DC power supply and the conversion 
ratio in said electrical-potential-difference converter. 

[Claim 4] The electrical-potential-difference converter which is the electrical-potential-difference inverter 
which changes the direct current voltage from DC power supply into said output voltage so that output 
voltage may turn into a command electrical potential difference, changes the voltage level of said direct 
current voltage, and outputs output voltage, According to a detection means to detect fluctuation of the 
internal resistance of said DC power supply, and said detected fluctuation of internal resistance, the control 
gain in the feedback control of said output voltage is adjusted. An electrical-potential-difference inverter 
equipped with the control means which controls said electrical-potential-difference converter so that said 
output voltage turns into said command electrical potential difference by the feedback control using the 
adjusted control gain. 

[Claim 5] The 1st gain adjustment which as for said control means lowers said control gain smaller [ said 
rate of change ] than the 1st reference value when the absolute value of said error is larger than the 2nd 
reference value is performed. The 2nd gain adjustment which raises said control gain more greatly [ said rate 
of change ] than said 1st reference value when the absolute value of said error is larger than said 2nd 
reference value is performed. When [ when said rate of change is smaller than said 1st reference value ] the 
absolute value of said error is smaller than said 2nd reference value, Or an electrical-potential-difference 
inverter given in any 1 term of claim 1 to claim 4 which performs the 3rd gain adjustment which holds said 
control gain more greatly [ said rate of change ] than said 1st reference value when the absolute value of said 
error is smaller than said 2nd reference value. 

[Claim 6] The rate-of-change judging section which judges whether said control means detects said rate of 
the command change of potential, and said detected rate of change is smaller than said 1st reference value, 
The control gain controller which performs either of said the 1st to 3rd gain adjustment based on the error' 
detecting element which detects the error of said command electrical potential difference and said output 
voltage, and the judgment result from said rate-of-change judging section and the error from said error 
detecting element, The electrical-potential-difference inverter containing the control section which controls 
said electrical-potential-difference converter so that said output voltage turns into said command electrical 
potential difference using the control gain adjusted by said control gain controller according to claim 5. 
[Claim 7] Said output voltage is an electrical -potential-difference inverter given in any 1 term of claim 1 to 
claim 6 inputted into the inverter which drives an AC motor. 



[Claim 8] The electrical-potential-difference converter which is the electrical-potential-difference inverter 
which changes the direct current voltage from DC power supply into said output voltage so that the output 
voltage for driving an AC motor may turn into a command electrical potential difference, changes the 
voltage level of said direct current voltage, and outputs output voltage, According to a mode detection 
means to detect the control mode of said AC motor, and said detected control mode, the control gain in the 
feedback control of said output voltage is adjusted. An electrical-potential-difference inverter equipped with 
the control means which controls said electrical-potential-difference converter so that said output voltage 
turns into said command electrical potential difference by the feedback control using the adjusted control 
gain. 

[Claim 9] The electrical-potential-difference converter which is the electrical-potential-difference inverter 
which changes the direct current voltage from DC power supply into said output voltage so that the output 
voltage for driving an AC motor may turn into a command electrical potential difference, changes the 
voltage level of said direct current voltage, and outputs output voltage, A mode detection means to detect 
the control mode of said AC motor, and an electrical-potential-difference detection means to detect the 
output voltage outputted from said electrical-potential-difference converter, The error of said command 
electrical potential difference and said detected output voltage, and a detection means to detect said rate of 
the command change of potential, The control gain in the feedback control of said output voltage is adjusted 
to the suitable control gain for said detected control mode. The adjusted suitable control gain is further 
adjusted to the optimal control gain based on said error and rate of change which were detected. An 
electrical-potential-difference inverter equipped with the control means which controls said electrical- 
potential-difference converter so that said output voltage turns into said command electrical potential 
difference by the feedback control using the adjusted optimal control gain. 

[Claim 10] At the time of the adjustment to said optimal suitable control gain from said control gain, said 
control means The 1st gain adjustment which lowers said control gain smaller [ said rate of change ] than 
the 1st reference value when the absolute value of said error is larger than the 2nd reference value is 
performed. The 2nd gain adjustment which raises said control gain more greatly [ said rate of change ] than 
said 1 st reference value when the absolute value of said error is larger than said 2nd reference value is 
performed. When [ when said rate of change is smaller than said 1st reference value ] the absolute value of 
said error is smaller than said 2nd reference value, Or the electrical-potential-difference inverter according 
to claim 9 which performs the 3rd gain adjustment which holds said control gain more greatly [ said rate of 
change ] than said 1st reference value when the absolute value of said error is smaller than said 2nd 
reference value. 

[Claim 11] The rate-of-change judging section which judges whether said control means detects said rate of 
the command change of potential, and said detected rate of change is smaller than said 1st reference value, 
The control gain controller which performs either of said the 1st to 3rd gain adjustment based on the error 
detecting element which detects the error of said command electrical potential difference and said output 
voltage, and the judgment result from said rate-of-change judging section and the error from said error 
detecting element, The electrical-potential-difference inverter containing the control section which controls 
said electrical-potential-difference converter so that said output voltage turns into said command electrical 
potential difference using the control gain adjusted by said control gain controller according to claim 10. 
[Claim 12] Said mode detection means is an electrical-potential-difference inverter given in any 1 term of 
claim 8 to claim 1 1 which detects the control mode from which a carrier frequency differs. 
[Claim 13] Said control means is an electrical-potential-difference inverter according to claim 12 which 
adjusts said control gain according to the carrier frequency of said detected control mode. 
[Claim 14] Said control means is an electrical-potential-difference inverter according to claim 13 which 
adjusts said control gain to larger control gain than control gain when said carrier frequency is low as the 
carrier frequency of said detected control mode becomes high. 

[Claim 15] It is an electrical-potential-difference inverter given in any 1 term of claim 8 to claim 1 1 to 
which said mode detection means detects two or more control modes corresponding to two or more AC 
motors, and said control means adjusts said control gain according to said two or more detected control 
modes. 

[Claim 16] Said control means is an electrical-potential-difference inverter according to claim 15 which 
detects the power fluctuation in said feedback control for which it opts according to the combination of two 
or more of said detected control modes, and adjusts said control gain according to the detected power 
fluctuation. 

[Claim 17] Said control means is an electrical-potential-difference inverter according to claim 16 which 
enlarges the range of the cut of said control gain, and adjusts said control gain, so that said detected power 



fluctuation is large. 

[Claim 18] Said mode detection means is an electrical-potential-difference inverter given in any 1 term of 
claim 8 to claim 17 which receives the rotational frequency of said AC motor, and the torque of said AC 
motor, and detects said control mode based on the rotational frequency and torque which were received. 
[Claim 19] Said mode detection means is an electrical-potential-difference inverter according to claim 18 
which holds the map in which the relation of said rotational frequency and said torque is shown, and detects 
said control mode by detecting the field of said map on which said rotational frequency and torque which 
were received are included. 

[Claim 20] Said control gain is an electrical-potential-difference inverter given in any 1 term of claim 1 to 
claim 19 which is the PI control gain in feedback control. 

[Claim 21] Said AC motor is an electrical-potential-difference inverter according to claim 20 which is a 
motor for cars. 

[Claim 22] The 1st step which is the electrical-potential-difference conversion approach of changing the 
direct current voltage from DC power supply into said output voltage so that output voltage may turn into a 
command electrical potential difference, and detects said output voltage, The error of said command 
electrical potential difference and said output voltage, and the 2nd step which detects said rate of the 
command change of potential, The 3rd step which adjusts the control gain in the feedback control of said 
output voltage based on said rate of change and said error, The electrical-potential-difference conversion 
approach containing the 4th step which changes said direct current voltage into said output voltage so that 
said output voltage may turn into said command electrical potential difference by the feedback control using 
said adjusted control gain. 

[Claim 23] Said 1st step is the electrical-potential-difference conversion approach containing the 2nd 
substep which detects said output voltage based on the 1st substep which detects the input voltage inputted 
into the electrical-potential-difference transducer which changes said direct current voltage into said output 
voltage, and said detected input voltage and the conversion ratio in said electrical-potential-difference 
transducer according to claim 22. 

[Claim 24] Said 1st step is the electrical-potential-difference conversion approach containing the 2nd 
substep which detects said output voltage based on the 1st substep which detects the temperature of said DC 
power supply and detects the input voltage inputted into the electrical-potential-difference transducer which 
changes said direct current voltage into said output voltage based on the detected temperature, said detected 
input voltage, and the conversion ratio in said electrical-potential-difference transducer according to claim 
22. 

[Claim 25] In said 3rd step, said rate of change is smaller than the 1st reference value. And when the 
absolute value of said error is larger than the 2nd reference value, said control gain is lowered. More greatly 
[ said rate of change ] than said 1st reference value, when the absolute value of said error is larger than said 
2nd reference value, said control gain is raised. When [ when said rate of change is smaller than said 1st 
reference value ] the absolute value of said error is smaller than said 2nd reference value, Or it is the 
electrical-potential-difference conversion approach given in any 1 term of claim 22 to claim 24 by which 
said control gain is held when [ than said 1st reference value / when said rate of change is larger ] the 
absolute value of said error is smaller than said 2nd reference value. 

[Claim 26] The 1st step which is the electrical-potential-difference conversion approach of changing the 
direct current voltage from DC power supply into said output voltage so that the output voltage for driving 
an AC motor may turn into a command electrical potential difference, and detects the control mode of said 
AC motor, The 2nd step which adjusts the control gain in the feedback control of said output voltage 
according to said detected control mode, The electrical-potential-difference conversion approach containing 
the 3rd step which changes said direct current voltage into said output voltage so that said output voltage 
may turn into said command electrical potential difference by the feedback control using said adjusted 
control gain. 

[Claim 27] The 1st step which is the electrical-potential-difference conversion approach of changing the 
direct current voltage from DC power supply into said output voltage so that the output voltage for driving 
an AC motor may turn into a command electrical potential difference, and detects the control mode of said 
AC motor, The 2nd step which adjusts the control gain in the feedback control of said output voltage to the 
suitable control gain for said detected control mode, The 3rd step which detects said output voltage, and the 
error of said command electrical potential difference and said output voltage and the 4th step which detects 
said rate of the command change of potential, The 5th step which adjusts said suitable control gain to the 
optimal control gain based on said rate of change and error which were detected, The electrical-potential- 
difference conversion approach containing the 6th step which changes said direct current voltage into said 



output voltage so that said output voltage may turn into said command electrical potential difference by the 
feedback control using said adjusted optimal control gain. 

[Claim 28] In said 5th step, said rate of change is smaller than the 1st reference value. And when the 
absolute value of said error is larger than the 2nd reference value, said suitable control gain is lowered and is 
adjusted to said optimal control gain. More greatly [ said rate of change ] than said 1st reference value, when 
the absolute value of said error is larger than said 2nd reference value, said suitable control gain is raised 
and is adjusted to said optimal control gain. When [ when said rate of change is smaller than said 1st 
reference value ] the absolute value of said error is smaller than said 2nd reference value, Or it is the 
electrical-potential-difference conversion approach according to claim 27 which said suitable control gain is 
held when [ than said 1st reference value / when said rate of change is larger ] the absolute value of said 
error is smaller than said 2nd reference value, and is adjusted to said optimal control gain. 
[Claim 29] The control mode detected in said 1st step is the electrical-potential-difference conversion 
approach given in any 1 term of claim 26 to claim 28 which is the control mode from which a carrier 
frequency differs. 

[Claim 30] It is the electrical-potential-difference conversion approach according to claim 26 or 27 that said 
control gain is adjusted [ in / the control modes detected in said 1st step are two or more control modes over 
two or more AC motors, and / said 2nd step ] according to said two or more detected control modes. 
[Claim 31] It is the electrical-potential-difference conversion approach given in any 1 term of claim 26 to 
claim 30 by which said control mode is detected in said 1st step based on the rotational frequency and 
torque of said AC motor. 

[Claim 32] Said control gain is the electrical-potential-difference conversion approach given in any 1 term 
of claim 22 to claim 31 which is the PI control gain in feedback control. 

[Claim 33] It is the record medium which recorded the program for making a computer perform control of 
the electrical-potential-difference conversion which changes the direct current voltage from DC power 
supply into said output voltage so that output voltage may turn into a command electrical potential 
difference and in which computer read is possible. The 1st step which detects said output voltage, and the 
error of said command electrical potential difference and said output voltage and the 2nd step which detects 
said rate of the command change of potential, The 3rd step which adjusts the control gain in the feedback 
control of said output voltage based on said rate of change and said error, The record medium which 
recorded the program for making a computer perform the 4th step which transforms said direct current 
voltage to said output voltage so that said output voltage may turn into said command electrical potential 
difference by the feedback control using said adjusted control gain and in which computer read is possible. 
[Claim 34] Said 1st step is a record medium which recorded the program containing the 2nd substep which 
detects said output voltage based on the 1st substep which detects the input voltage inputted into the 
electrical-potential-difference transducer which changes said direct current voltage into said output voltage, 
and said detected input voltage and the conversion ratio in said electrical-potential-difference transducer for 
performing a computer according to claim 33 and in which computer read is possible. 

[Claim 35] The 1st substep which said 1st step detects the temperature of said DC power supply, and detects 
the input voltage inputted into the electrical-potential-difference transducer which changes said direct 
current voltage into said output voltage based on the detected temperature, The record medium which 
recorded the program containing the 2nd substep which detects said output voltage based on said detected 
input voltage and the conversion ratio in said electrical-potential-difference transducer for performing a 
computer according to claim 33 and in which computer read is possible. 

[Claim 36] In said 3rd step, said rate of change is smaller than the 1st reference value. And when the 
absolute value of said error is larger than the 2nd reference value, said PI control gain is lowered. More 
greatly [ said rate of change ] than said 1st reference value, when the absolute value of said error is larger 
than said 2nd reference value, said PI control gain is raised. When [ when said rate of change is smaller than 
said 1st reference value ] the absolute value of said error is smaller than said 2nd reference value, Or more 
greatly [ said rate of change ] than said 1st reference value, when the absolute value of said error is smaller 
than said 2nd reference value, said PI control gain is held. The record medium which recorded the program 
for performing the computer of a publication on any 1 term of claim 33 to claim 35 and in which computer 
read is possible. 

[Claim 37] It is the record medium which recorded the program for making a computer perform control of 
the electrical-potential-difference conversion which changes the direct current voltage from DC power 
supply into said output voltage so that the output voltage for driving an AC motor may turn into a command 
electrical potential difference and in which computer read is possible. The 1st step which detects the control 
mode of said AC motor, and the 2nd step which adjusts the control gain in the feedback control of said 



output voltage according to said detected control mode, The record medium which recorded the program for 
making a computer perform the 3rd step which changes said direct current voltage into said output voltage 
so that said output voltage may turn into said command electrical potential difference by the feedback 
control using said adjusted control gain and in which computer read is possible. 

[Claim 38] It is the record medium which recorded the program for making a computer perform control of 
the electrical-potential-difference conversion which changes the direct current voltage from DC power 
supply into said output voltage so that the output voltage for driving an AC motor may turn into a command 
electrical potential difference and in which computer read is possible. The 1st step which detects the control 
mode of said AC motor, and the 2nd step which adjusts the control gain in the feedback control of said 
output voltage to the suitable control gain for said detected control mode, The 3rd step which detects said 
output voltage, and the error of said command electrical potential difference and said output voltage and the 
4th step which detects said rate of the command change of potential, The 5th step which adjusts said suitable 
control gain to the optimal control gain based on said rate of change and error which were detected, The 
record medium which recorded the program for making a computer perform the 6th step which changes said 
direct current voltage into said output voltage so that said output voltage may turn into said command 
electrical potential difference by the feedback control using said adjusted optimal control gain and in which 
computer read is possible. 

[Claim 39] In said 5th step, said rate of change is smaller than the 1st reference value. And when the 
absolute value of said error is larger than the 2nd reference value, said suitable control gain is lowered and is 
adjusted to said optimal control gain. More greatly [ said rate of change ] than said 1st reference value, when 
the absolute value of said error is larger than said 2nd reference value, said suitable control gain is raised 
and is adjusted to said optimal control gain. When [ when said rate of change is smaller than said 1 st 
reference value ] the absolute value of said error is smaller than said 2nd reference value, Or more greatly 
[ said rate of change ] than said 1st reference value, when the absolute value of said error is smaller than said 
2nd reference value, said suitable control gain is held and are adjusted to said optimal control gain. The 
record medium which recorded the program for performing a computer according to claim 38 and in which 
computer read is possible. 

[Claim 40] The control mode detected in said 1st step is a record medium which recorded the program for 
performing a computer given in any 1 term of claim 37 to claim 39 which is the control mode from which a 
carrier frequency differs and in which computer read is possible. 

[Claim 41] It is the record medium in which the control modes detected in said 1st step are two or more 
control modes over two or more AC motors, and the computer read which recorded the program for 
performing a computer according to claim 37 or 38 to which said control gain is adjusted according to said 
two or more detected control modes in said 2nd step is possible. 

[Claim 42] It is the record medium with which said control mode is detected in said 1st step based on the 
rotational frequency and torque of said AC motor, which recorded the program for performing a computer 
given in any 1 term of claim 37 to claim 41 and in which computer read is possible. 
[Claim 43] Said control gain is a record medium which recorded the program for performing a computer 
given in any 1 term of claim 33 to claim 42 which is the PI control gain in feedback control and in which 
computer read is possible. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the record medium which recorded the program for making 
a computer perform control of the electrical-potential-difference conversion which changes into a command 
electrical potential difference the electrical-potential-difference inverter which changes the direct current 
voltage from DC power supply into a command electrical potential difference, the electrical-potential- 
difference conversion approach of changing direct current voltage into a command electrical potential 
difference, and direct current voltage and in which computer read is possible 
[0002] 

[Description of the Prior Art] Recently, the attention with big hybrid car (Hybrid Vehicle) and electric 
vehicle (Electric Vehicle) as an automobile which considered the environment is attracted. And a part of 
hybrid car is put in practical use. 

[0003] This hybrid car is an automobile which makes the motor driven with DC power supply, an inverter, 
and an inverter the source of power in addition to the conventional engine. That is, while obtaining the 
source of power by driving an engine, the direct current voltage from DC power supply is changed into an 
alternating current with an inverter, and the source of power is obtained by rotating a motor by the changed 
alternating current. Moreover, an electric vehicle is an automobile which makes the motor driven with DC 
power supply, an inverter, and an inverter the source of power. 

[0004] In such a hybrid car or an electric vehicle, the pressure up of the direct current voltage from DC 
power supply is carried out by the pressure-up converter, and the direct current voltage which carried out the 
pressure up is supplied to the inverter which drives a motor. 

[0005] That is, the hybrid car or the electric vehicle carries the motorised equipment shown in drawing 33 . 
Motorised equipment 300 is equipped with DC power supply B, the system relays SRI and SR2, capacitors 
CI and C2, the bidirectional converter 310, a voltage sensor 320, and an inverter 330 with reference to 
drawing 33 . 

[0006] DC power supply B output direct current voltage. If the system relays SRI and SR2 are turned on by 
the control device (not shown), they will supply the direct current voltage from DC power supply B to a 
capacitor CI. A capacitor CI graduates the direct current voltage supplied through the system relays SRI 
and SR2 from DC power supply B, and supplies the graduated direct current voltage to the bidirectional 
converter 310. 

[0007] The bidirectional converter 310 contains a reactor 311, NPN transistor 312,313, and diode 314,315. 
The one side edge of a reactor 31 1 is connected to power-source Rhine of DC power supply B, and an' 
another side edge is connected between the midpoint of NPN transistor 312 and NPN transistor 313, i.e., the 
emitter of NPN transistor 312, and the collector of NPN transistor 313. NPN transistor 312,313 is connected 
to a serial between power-source Rhine and an earth line. And the collector of NPN transistor 312 is 
connected to power-source Rhine, and the emitter of NPN transistor 3 1 3 is connected to an earth line. 
Moreover, between the collector emitters of each NPN transistor 312,313, the diode 314,315 which passes a 
current from an emitter side to a collector side is arranged. 

[0008] With a control device (not shown), NPN transistor 312,313 is turned on / turned off, and the 
bidirectional converter 310 carries out the pressure up of the direct current voltage supplied from the 
capacitor CI, and supplies output voltage to a capacitor C2. Moreover, at the time of regenerative braking of 
the hybrid car or electric vehicle in which motorised equipment 300 was carried, the bidirectional converter 
310 is generated by AC motor Ml, lowers the pressure of the direct current voltage changed by the inverter 
330, and supplies it to a capacitor CI . 

[0009] A capacitor C2 graduates the direct current voltage supplied from the bidirectional converter 310, 



and supplies the graduated direct current voltage to an inverter 330. A voltage sensor 320 detects the 
electrical potential difference Vc of the both sides of a capacitor C2, i.e., the output voltage of the 
bidirectional converter 310. 

[0010] If direct current voltage is supplied from a capacitor C2, an inverter 330 will change direct current 

voltage into alternating voltage based on the control from a control unit (not shown), and will drive AC 

motor Ml. This drives AC motor Ml so that the torque specified with the torque command value may be 

generated. Moreover, at the time of regenerative braking of the hybrid car or electric vehicle in which 

motorised equipment 300 was carried, an inverter 330 changes into direct current voltage the alternating 

voltage which AC motor Ml generated based on the control from a control device, and supplies the changed 

direct current voltage to the bidirectional converter 3 1 0 through a capacitor C2. 

[001 1] In motorised equipment 300, when carrying out the pressure up of the direct current voltage 

outputted from DC power supply B and supplying output voltage Vc to an inverter 330, feedback control is 

earned out so that the output voltage Vc which the voltage sensor 320 detected may become electrical- 

potential-difference command Vdc_com. And this feedback control is PI control and PI control gain is 

determined that output voltage Vc will become electrical-potential-difference command Vdc_com. 

[0012] Thus, in conventional motorised equipment, PI control gain is determined, and it is controlled by 

feedback control using the determined PI control gain so that the output voltage Vc by which the pressure up 

was carried out becomes electrical-potential-difference command Vdc com 
[0013] 

[Problem(s) to be Solved by the Invention] However, when PI control gain is determined under a certain 
conditions, it fixes to the determined PI control gain and the internal resistance of DC power supply changes 
with a temperature change or long term deterioration, the problem that it is uncontrollable so that the output 
voltage Vc of a bidirectional converter becomes electrical-potential-difference command Vdc_com arises 
For example, when the internal resistance of DC power supply becomes small, the output voltage of a 
bidirectional converter carries out hunting (vibration), and when the internal resistance of DC power supply 
becomes large, the output voltage of a bidirectional converter overshoots or undershoots. 
[0014] Such a problem is produced also when the reactor which constitutes a bidirectional converter 
deteriorates. 

[0015] Moreover, there are the PWM control mode, the overmodulation control mode, and the rectangle 
control mode as control mode of AC motor Ml in an inverter 330. And these control modes are a frequency 
(it is called a "carrier frequency".) which turns on / turns off the NPN transistor contained in an inverter 330 
Hereafter, it is the same. It differs mutually. 

[0016] Therefore, when the control gain suitable for a certain control mode is determined, it fixed to the 
determined control gain and it changes into the control modes other than the control mode with the control 
mode of AC motor Ml, there is a problem that hunting (vibration), overshoot, and undershooting arise \ of 
output voltage ] & • l 

[0017] Then, it is offering the electrical-potential-difference inverter which changes direct current voltage 
into output voltage so that it is made in order that this invention may solve this problem and output 
voltage's may turn into a command electrical potential difference, even if it changes the control mode of the 
output voltage or the motor by which the pressure up of that purpose was carried out 

[0018] Moreover, another purpose of this invention is offering the electrical-potential-difference conversion 
approach of changing direct current voltage into output voltage so that output voltage's may become an 
electrical-potential-difference command, even if it changes the control mode of the output voltage bv which 
the pressure up was carried out, or a motor. 

[0019] Furthermore, another purpose of this invention is offering the record medium which recorded the 
program for making a computer perform control of the electrical-potential-difference conversion which 
changes direct current voltage into output voltage so that output voltage may become an electrical-potential- 
difference command and in which computer read's is possible, even if it changes the control mode of the 
output voltage by which the pressure up was carried out, or a motor 
[0020] 

[The means for solving a technical problem and an effect of the invention] The electrical-potential- 
difference converter to which according to this invention an electrical-potential-difference inverter is an 
electncal-potential-difference inverter which changes the direct current voltage from DC power supply into 
output voltage so that output voltage may turn into a command electrical potential difference, changes the 
voltage level of direct current voltage into, and outputs output voltage, The error of a detection means to 
detect the output voltage outputted from the electrical-potential-difference converter, and a command 
electrical potential difference and the detected output voltage, And detect the rate of the command change of 



potential, and the control gain in the feedback control of output voltage is adjusted according to the error 
and rate of change which were detected. It has the control means which controls an electrical-potential- 
difference converter so that output voltage turns into a command electrical potential difference by the 
feedback control using the adjusted control gain. 

[0021] The control gain in feedback control is adjusted according to fluctuation of the output voltage from 
an electncal-potential-difference transducer. And feedback control is carried out so that output voltage may 
turn into a command electrical potential difference using the adjusted control gain. 

[0022] Therefore, even if it changes the output voltage of an electrical-potential-difference converter output 
voltage can be made in agreement with a command electrical potential difference according to this 
invention. 

[0023] Preferably, a detection means detects the input voltage to an electrical-potential-difference converter 
and detects output voltage based on the detected input voltage and the conversion ratio in an electrical- 
potential-difference converter. 

[0024] The input voltage to an electrical-potential-difference converter is detected, and the output voltage of 
an electncal-potential-difference converter is called for. And feedback control is carried out so that output , 
voltage may be in agreement with a command electrical potential difference. 

[0025] Therefore, even if it changes the input voltage to an electrical-potential-difference converter output 
voltage can be made in agreement with a command electrical potential difference according to this 
invention. 

[0026] Preferably, a detection means detects the direct current voltage outputted from DC power supply 
based on the temperature of DC power supply, and detects output voltage based on the detected DC power 
supply and the conversion ratio in an electrical-potential-difference converter. 

[0027] The direct current voltage outputted from DC power supply is detected, and the output voltage of an 
electncal-potential-difference converter is called for. And feedback control is carried out so that output 
voltage may be in agreement with a command electrical potential difference. 

[0028] Therefore, even if it changes the direct current voltage outputted from DC power supply output 
voltage can be made in agreement with a command electrical potential difference according to mis 
invention. ° 

[0029] Moreover, the electrical-potential-difference converter to which according to this invention an 
electncal-potential-difference inverter is an electrical-potential-difference inverter which changes the direct 
current voltage from DC power supply into output voltage so that output voltage may turn into a command 
electncal potential difference, changes the voltage level of direct current voltage into, and outputs output 
voltage, According to a detection means to detect fluctuation of the internal resistance of DC power supply 
and fluctuation of the detected internal resistance, the control gain in the feedback control of output voltage 
is adjusted. It has the control means which controls an electrical-potential-difference converter so that output 
voltage turns into a command electrical potential difference by the feedback control using the adjusted 
control gain. b J 

[0030] Fluctuation of the internal resistance of DC power supply is detected, and the control gain in 
feedback control is adjusted according to fluctuation of the detected internal resistance. And feedback 
control is earned out so that output voltage may turn into a command electrical potential difference using 
the adjusted control gain. e 

[003 1] Therefore even if it changes the internal resistance of DC power supply, output voltage can be made 
in agreement with a command electrical potential difference according to this invention 
[0032] The rate of the command change of potential of a control means is smaller than the 1st reference 
value preferably And the 1st gain adjustment which lowers control gain when the absolute value of the error 
of a t command electrical potential difference and output voltage is larger than the 2nd reference value is 
performed. The 2nd gain adjustment which raises control gain more greatly [ rate of change ] than the 1st 
reference value when an absolute value with error is larger than the 2nd reference value is performed 
Smaller [ rate of change ] than the 1st reference value, when an absolute value with error is smaller than the 
2nd reference value, or when [ than the 1st reference value / when rate of change is larger ] an absolute 
performed ^ " ^ ^ ^ referenCe Value ' the 3rd 8 ain adjustment holding control gain is 

[00 t 33 }. l \ if detected by the error of the rate of the command change of potential, and a command electrical 
potential difference and the output voltage of an electrical-potential-difference transducer whether feedback 
control is m a hunting condition, an overshoot condition, and which condition of undershooting information 
and control gain is adjusted according to each of that detected condition. 

[0034] Therefore, according to this invention, even if it changes the output voltage of an electrical-potential- 



difference converter, the control gain for making output voltage in agreement with a command electrical 
potential difference can be set up exactly. 

[0035] A control means contains the rate-of-change judging section, an error detecting element, a control 
gain controller, and a control section more preferably. The rate-of-change judging section detects the rate of 
the command change of potential, and judges whether the detected rate of change is smaller than the 1st 
reference value. An error detecting element detects the error of a command electrical potential difference 
and output voltage. A control gain controller performs either of the 1st to 3rd gain adjustment based on the 
judgment result from the rate-of-change judging section, and the error from an error detecting element. A 
control section controls an electrical-potential-difference converter so that output voltage turns into a 
command electrical potential difference using the control gain adjusted by the control gain controller 
[0036] The error of the rate of the command change of potential, and a command electrical potential 
difference and the output voltage of an electrical-potential-difference converter is detected independently. 
And control gain is adjusted according to the rate of change and error which were detected, and feedback 
control is carried out so that output voltage may be in agreement with a command electrical potential 
difference using the adjusted control gain, so that output voltage may be made in agreement with a 
command electrical potential difference. 

[0037] Therefore, even if output voltage shifts from a command electrical potential difference according to a 
certain factor, output voltage can be exactly made in agreement with a command electrical potential 
difference according to this invention. 

[0038] Output voltage is inputted into the inverter which drives an AC motor still more preferably. 
[0039] An inverter changes the output voltage from an electrical-potential-difference converter into 
alternating voltage, and drives a motor. 

[0040] Therefore, according to this invention, the torque of a motor can be stabilized. According to this 
invention, furthermore, an electrical-potential-difference inverter The electrical-potential-difference 
converter which is the electrical-potential-difference inverter which changes the direct current voltage from 
DC power supply into output voltage so that the output voltage for driving an AC motor may turn into a 
command electrical potential difference, changes the voltage level of direct current voltage and outputs 
output voltage, According to a mode detection means to detect the control mode of an AC motor, and the 
detected control mode, the control gain in the feedback control of output voltage is adjusted. It has the 
control means which controls an electrical-potential-difference converter so that output voltage turns into a 
command electrical potential difference by the feedback control using the adjusted control gain. 
[0041] The control mode of an AC motor is detected and the control gain in feedback control is adjusted 
according to the detected control mode. And feedback control is carried out so that the output voltage of an 
electrical-potential-difference transducer may turn into a command electrical potential difference using the 
adjusted control gain. 

[0042] Therefore, according to this invention, even if it changes the control mode of an AC motor, feedback 
control can be performed so that output voltage may be in agreement with a command electrical potential 
difference. 

[0043] According to this invention, furthermore, an electrical-potential-difference inverter The electrical- 
potential-difference converter which is the electrical-potential-difference inverter which changes the direct 
current voltage from DC power supply into output voltage so that the output voltage for driving an AC 
motor may turn into a command electrical potential difference, changes the voltage level of direct current 
voltage and outputs output voltage, A mode detection means to detect the control mode of an AC motor, and 
an electrical-potential-difference detection means to detect the output voltage outputted from the electrical- 
potential-difference converter, A detection means to detect the error and the rate of the command change of 
potential of a command electrical potential difference and the detected output voltage, It adjusts to the 
suitable control gain for the control mode which had the control gain in the feedback control of output 
voltage detected. Based on the error and rate of change which had the adjusted suitable control gain 
detected, it adjusts to the optimal control gain further, and has the control means which controls an 
electrical-potential-difference converter so that output voltage turns into a command electrical potential 
difference by the feedback control using the adjusted optimal control gain. 

[0044] The control mode of an AC motor is detected and the control gain in the feedback control of the 
output voltage from an electrical-potential-difference transducer is adjusted to the suitable control gain for 
the detected control mode. And fluctuation of output voltage is detected, according to fluctuation of the 
detected output voltage, suitable control gain is adjusted further and the control gain in feedback control is 
set as the optimal control gain. If it does so, feedback control will be performed so that output voltage may 
be in agreement with a command electrical potential difference using the optimal control gain. 



[0045] Therefore, according to this invention, output voltage can be made in agreement with a command 
electrical potential difference to fluctuation of the control mode of an AC motor, or fluctuation of output 
voltage. 

[0046] At the time of the adjustment to the optimal suitable control gain from control gain, preferably a 
control means The 1st gain adjustment which lowers control gain smaller [ the rate of the command change 
of potential ] than the 1st reference value when the absolute value of the error of a command electrical 
potential difference and output voltage is larger than the 2nd reference value is performed. The 2nd gain 
adjustment which raises control gain more greatly [ rate of change ] than the 1st reference value when an 
absolute value with error is larger than the 2nd reference value is performed. Smaller [ rate of change ] than 
the 1 st reference value, when an absolute value with error is smaller than the 2nd reference value, or when 
[ than the 1 st reference value / when rate of change is larger ] an absolute value with error is smaller than the 
2nd reference value, the 3rd gain adjustment holding control gain is performed. 

[0047] Control gain is adjusted according to each control mode of a motor, at the time of the adjustment to 
the optimal suitable control gain from control gain, it is detected by the error of the rate of the command 
change of potential, and a command electrical potential difference and the output voltage of an electrical- 
potential-difference transducer whether feedback control is in a hunting condition, an overshoot condition, 
and which condition of undershooting information, and control gain is adjusted to the optimal control gain 
according to each of that detected condition. 

[0048] Therefore, according to this invention, the optimal control gain can be set up in each control mode of 
an AC motor. 

[0049] The rate-of-change judging section which judges more preferably whether the rate of change of a 
control means which detected the rate of the command change of potential, and was detected is smaller than 
the 1st reference value, The control gain controller which performs either of the 1st to 3rd gain adjustment 
based on the error detecting element which detects the error of a command electrical potential difference and 
output voltage, and the judgment result from the rate-of-change judging section and the error from an error 
detecting element, The control section which controls an electrical-potential-difference converter so that 
output voltage turns into a command electrical potential difference using the control gain adjusted by the 
control gain controller is included. 

[0050] The error of the rate of the command change of potential, and a command electrical potential 
difference and the output voltage of an electrical-potential-difference converter is detected independently. 
And according to the rate of change and error which were detected, control gain is adjusted to the optimal 
control gain, and feedback control is carried out so that output voltage may be in agreement with a 
command electrical potential difference using the adjusted optimal control gain, so that output voltage may 
be made in agreement with a command electrical potential difference. 

[0051] Therefore, even if output voltage shifts from a command electrical potential difference according to a 
certain factor, output voltage can be exactly made in agreement with a command electrical potential 
difference in each control mode of an AC motor according to this invention. 

[0052] A mode detection means detects still more preferably the control mode from which a carrier 
frequency differs. 

[0053] The control mode from which a carrier frequency differs is detected, and control gain is adjusted 
according to the detected control mode. 

[0054] Therefore, even if the control mode of an AC motor changes between the control modes from which 
a carrier frequency differs, feedback control can be carried out so that output voltage may be in agreement 
with a command electrical potential difference. 

[0055] A control means adjusts control gain still more preferably according to the carrier frequency of the 
detected control mode. 

[0056] The control gain in feedback control is adjusted to the control gain suitable for the carrier frequency 
in the detected control mode. 

[0057] Therefore, according to this invention, the output voltage of an electrical-potential-difference 
converter can be made in agreement with whether you are Sumiya on a command electrical potential 
difference. 

[0058] Still more preferably, a control means adjusts control gain to larger control gain than control gain 
when a carrier frequency is low as the carrier frequency of the detected control mode becomes high. 
[0059] The control gain in feedback control is adjusted so that hunting, overshoot, and undershooting may 
not arise. 

[0060] Therefore, even if the control mode of an AC motor switches between the control modes from which 
a carrier frequency differs, the output voltage of an electrical-potential-difference converter can be made in 



agreement with whether you are Sumiya on a command electrical potential difference according to this 
invention. 

[0061] Still more preferably, a mode detection means detects two or more control modes corresponding to 
two or more AC motors, and a control means adjusts control gain according to two or more detected control 
modes. 

[0062] Control gain is adjusted so that it may be suitable for the control mode of two or more AC motors. 
Therefore, also when the output voltage of an electrical-potential-difference converter is used for the drive 
of two or more AC motors, output voltage can be made smoothly in agreement with a command electrical 
potential difference according to this invention. 

[0063] Still more preferably, a control means detects the power fluctuation in the feedback control for which 
it opts according to the combination of two or more detected control modes, and adjusts control gain 
according to the detected power fluctuation. 

[0064] The power fluctuation in the feedback control produced when each control mode of two or more AC 
motors switches is detected. And control gain is adjusted by the detected power fluctuation. 
[0065] Therefore, according to this invention, control gain can be adjusted so that the control mode of two 
or more whole AC motors may be suited. 

[0066] Still more preferably, a control means enlarges the range of the cut of control gain, and adjusts 
control gain, so that the detected power fluctuation is large. 

[0067] When the control mode of two or more AC motors switches, power is changed, and control gain is 
adjusted so that the power after the fluctuation may be suited. 

[0068] Therefore, even if the control mode switches in two or more AC motors, the output voltage of an 
electncal-potential-difference converter can be made smoothly in agreement with a command electrical 
potential difference according to this invention. 

[0069] Still more preferably, a mode detection means receives the rotational frequency of an AC motor, and 
the torque of an AC motor, and detects the control mode based on the rotational frequency and torque which 
were received. 

[0070] The rotational frequency of an AC motor and the torque of an AC motor change with control modes 
of an AC motor. Therefore, the control mode of an AC motor is detected by the torque of an AC motor and 
the rotational frequency of an AC motor. 

[0071] Therefore, according to this invention, the control mode of two or more AC motors is correctlv 
detectable. ' 

[0072] Still more preferably, a mode detection means holds the map in which the relation between the 
rotational frequency of an AC motor and the torque of an AC motor is shown, and detects the control mode 
by detecting the field of the map on which the rotational frequency and torque which were received are 
included. 

[0073] The control mode of each AC motor is detected with reference to the map in which the relation 
between torque and a rotational frequency is shown. 

[0074] Therefore, according to this invention, the control mode of two or more AC motors is quicklv 
detectable. n J 

[0075] Control gain is the PI control gain in feedback control still more preferably. 

[0076] The integral gain and proportional gain in feedback control are adjusted. Therefore, according to this 
invention, the output voltage of an electrical-potential-difference converter can be made correctly in 
agreement with a command electrical potential difference. 

[0077] An AC motor is a motor for cars still more preferably. The output voltage of an electrical-potential- 
difference converter is used for the drive of the AC motor carried in a car. 

[0078] Therefore, according to this invention, it is stabilized and the driving wheel of a car can be driven 
According to this invention, furthermore, the electrical-potential-difference conversion approach The 1st 
step which is the electncal-potential-difference conversion approach of changing the direct current voltage 
from DC power supply into output voltage so that output voltage may turn into a command electrical 
potential difference, and detects output voltage, The error of a command electrical potential difference and 
output voltage, and the 2nd step which detects the rate of the command change of potential, The 3rd step 
which adjusts the control gain in the feedback control of output voltage based on rate of change and an error 
and the 4th step which changes direct current voltage into output voltage so that output voltage may turn ' 
into a command electrical potential difference by the feedback control using the adjusted control gain are 
included. ~ 0 

[0079] Even if it changes output voltage, feedback control is carried out so that output voltage may be in 
agreement with a command electrical potential difference. 



[0080] Therefore, according to this invention, it is stabilized and output voltage can be outputted. 
Preferably, the 1 st step contains the 2nd substep which detects output voltage based on the 1st substep which 
detects the input voltage inputted into the electrical-potential-difference transducer which changes direct 
current voltage into output voltage, and the detected input voltage and the conversion ratio in an electrical- 
potential-difference transducer. 

[0081] The input voltage to an electrical-potential-difference converter is detected, and the output voltage of 
an electrical-potential-difference converter is detected using the detected input voltage and a known transfer 
factor. 

[0082] Therefore, according to this invention, to fluctuation of the input voltage to an electrical-potential- 
difference transducer, feedback control can be performed so that output voltage may be in agreement with a 
command electrical potential difference. 

[0083] Preferably, the 1st step contains the 2nd substep which detects output voltage based on the 1st 
substep which detects the temperature of DC power supply and detects the input voltage inputted into the 
electrical-potential-difference transducer which changes direct current voltage into output voltage based on 
the detected temperature, the detected input voltage, and the conversion ratio in an electrical-potential- 
difference transducer. 

[0084] The direct current voltage outputted by the temperature of DC power supply from DC power supply 
is called for. And the output voltage of an electrical-potential-difference converter is detected by the called- 
for direct current voltage, i.e., the input voltage of an electrical-potential-difference converter, and the 
transfer factor. 

[0085] Therefore, according to this invention, even if it originates in the temperature change of DC power 
supply and changes the input voltage to an electrical-potential-difference transducer, feedback control can 
be performed so that output voltage may be in agreement with a command electrical potential difference. 
[0086] In the 3rd step, the rate of the command change of potential is smaller than the 1st reference value 
more preferably. And control gain is lowered when the absolute value of the error of a command electrical 
potential difference and output voltage is larger than the 2nd reference value. More greatly [ rate of change ] 
than the 1st reference value, when an absolute value with error is larger than the 2nd reference value, control 
gain is raised. When [ when rate of change is smaller than the 1st reference value ] an absolute value' with 
error is smaller than the 2nd reference value, Or more greatly [ rate of change ] than the 1st reference value, 
when an absolute value with error is smaller than the 2nd reference value, control gain is held. 
[0087] It is detected by the error of the rate of the command change of potential, and a command electrical 
potential difference and the output voltage of an electrical-potential-difference transducer whether feedback 
control is in a hunting condition, an overshoot condition, and which condition of undershooting information, 
and control gain is adjusted according to each of that detected condition., 

[0088] Therefore, according to this invention, even if it changes the output voltage of an electrical-potential- 
difference converter, the control gain for making output voltage in agreement with a command electrical 
potential difference can be set up exactly. 

[0089] According to this invention, furthermore, the electrical-potential-difference conversion approach The 
1st step which is the electrical-potential-difference conversion approach of changing the direct current 
voltage from DC power supply into output voltage so that the output voltage for driving an AC motor may 
turn into a command electrical potential difference, and detects the control mode of an AC motor, The 2nd 
step which adjusts the control gain in the feedback control of output voltage according to the detected 
control mode, and the 3rd step which changes direct current voltage into output voltage so that output 
voltage may turn into a command electrical potential difference by the feedback control using the adjusted 
control gain are included. 

[0090] The control mode of an AC motor is detected and the control gain in feedback control is adjusted 
according to the detected control mode. And feedback control is carried out so that the output voltage of an 
electrical-potential-difference transducer may turn into a command electrical potential difference using the 
adjusted control gain. 

[0091] Therefore, according to this invention, even if it changes the control mode of an AC motor, feedback 
control can be performed so that output voltage may be in agreement with a command electrical potential 
difference. 

[0092] According to this invention, furthermore, the electrical-potential-difference conversion approach The 
1st step which is the electrical-potential-difference conversion approach of changing the direct current 
voltage from DC power supply into output voltage so that the output voltage for driving an AC motor may 
turn into a command electrical potential difference, and detects the control mode of an AC motor, The 2nd 
step adjusted to the suitable control gain for the control mode which had the control gain in the feedback 



control of output voltage detected, The 3rd step which detects output voltage, and the error of a command 
electncal potential difference and output voltage and the 4th step which defects the rate of the cornZiT 

rt^f I P ntl , 3l> 5 ? ? P Which adjUStS Suhable COntro1 § ain to * e optimal control gain l3 on the 
rate of change and error which were detected, and the 6th step which changes direct current voltage into 
output voltage so that output voltage may turn into a command electrical potential difference by the 
feedback control using the adjusted optimal control gain are included 

[0093] The control mode of an AC motor is detected and the control gain in the feedback control of the 
output voltage outputted from an electrical-potential-difference transducer is adjusted to the suitable control 
fhe hS^S t t d T r01 """I 6 ," ^ fluctuation °f output voltage is detected, according to fluctuaUon of 
t it Itt^T Ut , VOlt *f ; sul ^ble co ntro i gain is adjusted mrther ^ ^ in feedback conn-ol 

is set _ as the optimal control gam. If ,t does so, feedback control will be performed so that output voltage 
moLi^ agr f eement W1 * a co ™ d electrical P^ential difference using the optimal control gain 
[0094] Therefore according to this invention, output voltage can be made in agreement with a command 

vokage P t0 fluCtUation of the contro1 m °de of an AC motor, or fluctuation ofTtput 

™flllV h 2 *? S i eP '.? e 'I* 5 ,° f the conunand change of potential is smaller than the 1st reference value 
preferably And when the absolute value of the error of a command electrical potential difference and outout 
voltage is larger than the 2nd reference value, suitable control gain is loweredand is adju sted ZteoSF 
control gam. More greatly [ rate of change ] than the 1st reference value, when an absolute va ue wim erTr 
l ? n wEft t 2nd /f rence value, suitable control gain is raised and is adjusted to the optimal con^ 

fhanth^ £f [ f Ch f 8e ] *? the 1St reference VaIue ' when ** absolut e value with erL is smalfor 
than the 2nd reference value, or when [ than the 1st reference value / when rate of change is largerTan 

2E^ZS£^ smaller *" the 2nd reference value > suitable control — s 3— 

lhf^T°\ 8 u? iS adjl f ed a i cordin g to each c °ntrol mode of a motor, at the time of the adjustment to 
the optimal suitable control gain from control gain, it is detected by the error of the rate of the command 

E HTf ' r 1 a COmma " d electrical P° tential difference and the output voltage oftelS- 
potential-difference transducer whether feedback control is in a hunting condition, an overshoot condition 

^-^^^r^^^ and — - — optim^ors 

an AC moSr f ° re ' aCC ° rdin8 t0 ° Ptimal C ° ntro1 gain Can be set U P in eac h control mode of 

™!lJ e tlZT l mode detected in the lst step is the contro1 mode from which a carrier frequencv differs 
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[0100] Therefore, even if the control mode of an AC motor changes between the control modes from which 
a earner frequency differs feedback control can be carried out sottat output voltage ma be f ~ 
with a command electneal potential difference. y agreement 

[0101] Still more preferably the control modes detected in the lst step are two or more control modes over 
Trt ™ m ° t0rS ' C ° ntr01 ^ " adjuStCd aCCOrdin S t0 ^ or m °re ^ected conuS modes in the 
[0102] Control gain is adjusted so that it may be suitable for the control mode of two or more AC motors 
Therefore, also when the output voltage of an electrical-potential-difference converter Ts^sed for the orive 
^"S^a^a» ta ^ — ^ in ~* ^ a etS 
In ^Ic'mo™ 1 m ° de 15 det6Cted Sti11 ^ Pref6rably baS6d ° n the rotational ^quency 

of a^™?™ T^ 1 fr eque " Cy ° f &n , AC m ° t0r and the torq - ue of an AC m otor change with control modes 
tfeTofa^ ° f - AC — is d — d ^ ^ torcu/e of an AC motoTaS 

fore ' acc o rdin | 'to this invention, the control mode of an AC motor is correctly detectable 
£° ntro1 S ain 1S PI control gain in feedback control still more preferably * 
[0107] The integral gain and proportional gain in feedback control are adjusted. Therefore according to thi, 

ZtZT\ th6 r tPUt V ° lta f ? f **• ele ctrical-potential-difference converter can be mTc£e*w£ 
agreement with a command electrical potential difference correctly m 

[0108] Furthermore, the record medium which recorded the program for making a computer perform control 



of the electrical-potential-difference conversion which changes the direct current voltage from DC power 
supply into output voltage so that output voltage may turn into a command electrical potential difference 
according to this invention and in which computer read is possible The 1st step which detects output 
voltage, and the error of a command electrical potential difference and output voltage and the 2nd step 
which detects the rate of the command change of potential, The 3rd step which adjusts the control gain in 
the feedback control of output voltage based on rate of change and an error, It is the record medium which 
recorded the program for making a computer perform the 4th step which transforms direct current voltage to 
output voltage so that output voltage may turn into a command electrical potential difference by the 
feedback control using the adjusted control gain and in which computer read is possible. 
[0109] If the program recorded on the record medium is executed by computer, fluctuation of output voltage 
will be detected and the control gain in the feedback control of output voltage will be adjusted according to 
fluctuation of the detected output voltage. And feedback control is performed so that output voltage may be 
in agreement with a command electrical potential difference using the adjusted control gain. 
[01 10] Therefore, according to this invention, it is controllable so that the stable output voltage is outputted. 
[01 1 1] Preferably, the 1st step contains the 2nd substep which detects output voltage based on the 1st 
substep which detects the input voltage inputted into the electrical-potential-difference transducer which 
changes direct current voltage into output voltage, and the detected input voltage and the conversion ratio in 
an electrical-potential-difference transducer. 

[01 12] If a program is executed by computer, the input voltage to an electrical-potential-difference converter 
will be detected, and the output voltage of an electrical-potential-difference converter will be detected using 
the detected input voltage and a known transfer factor. 

[01 13] Therefore, according to this invention, to fluctuation of the input voltage to an electrical-potential- 
difference transducer, feedback control can be performed so that output voltage may be in agreement with a 
command electrical potential difference. 

[01 14] The 1st step contains the 2nd substep which detects output voltage based on the 1st substep which 
detects the temperature of DC power supply and detects the input voltage inputted into the electrical- 
potential-difference transducer which changes direct current voltage into output voltage based on the 
detected temperature, the detected input voltage, and the conversion ratio in an electrical-potential- 
difference transducer more preferably. 

[01 15] If a program is executed by computer, the direct current voltage outputted by the temperature of DC 
power supply from DC power supply will be called for. And the output voltage of an electrical-potential- 
difference converter is detected by the called-for direct current voltage, i.e., the input voltage of an 
electrical-potential-difference converter, and the transfer factor. 

[01 16] Therefore, according to this invention, even if it originates in the temperature change of DC power 
supply and changes the input voltage to an electrical-potential-difference transducer, feedback control can 
be performed so that output voltage may be in agreement with a command electrical potential difference 
[01 17] In the 3rd step, the rate of the command change of potential is smaller than the 1st reference value 
still more preferably. And when the absolute value of the error of a command electrical potential difference 
and output voltage is larger than the 2nd reference value, PI control gain is lowered. More greatly [ rate of 
change ] than the 1st reference value, when an absolute value with error is larger than the 2nd reference 
value, PI control gain is raised. When [ when rate of change is smaller than the 1st reference value ] an 
absolute value with error is smaller than the 2nd reference value, Or more greatly [ rate of change ] than the 
1 st reference value, when an absolute value with error is smaller than the 2nd reference value PI control 
gain is held. ' 

[0118] If a program is executed by computer, it will be detected by the error of the rate of the command 
change of potential, and a command electrical potential difference and the output voltage of an electrical- 
potential-difference transducer whether feedback control is in a hunting condition, an overshoot condition 
and which condition of undershooting information, and control gain will be adjusted according to each of' 
that detected condition. 

[01 19] Therefore, according to this invention, even if it changes the output voltage of an electrical-potential- 
difference converter, the control gain for making output voltage in agreement with a command electrical 
potential difference can be set up exactly. 

[0120] Furthermore, the record medium which recorded the program for making a computer perform control 
of the electncal-potential-difference conversion which changes the direct current voltage from DC power 
supply into output voltage so that the output voltage for driving an AC motor may turn into a command 
electrical potential difference according to this invention and in which computer read is possible The 1st 
step which detects the control mode of an AC motor, and the 2nd step which adjusts the control gain in the 



feedback control of output voltage according to the detected control mode, It is the record medium which 
recorded the program for making a computer perform the 3rd step which changes direct current voltage into 
output voltage so that output voltage may turn into a command electrical potential difference by the 
feedback control using the adjusted control gain and in which computer read is possible. 
[0121] If a program is executed by computer, the control mode of an AC motor will be detected and the 
control gain in feedback control will be adjusted according to the detected control mode. And feedback 
control is carried out so that the output voltage of an electrical-potential-difference transducer may turn into 
a command electrical potential difference using the adjusted control gain. 

[0122] Therefore, according to this invention, even if it changes the control mode of an AC motor, feedback 
control can be performed so that output voltage may be in agreement with a command electrical potential 
difference. 

[0123] Furthermore, the record medium which recorded the program for making a computer perform control 
of the electrical-potential-difference conversion which changes the direct current voltage from DC power 
supply into output voltage so that the output voltage for driving an AC motor may turn into a command 
electrical potential difference according to this invention and in which computer read is possible The 1st 
step which detects the control mode of an AC motor, and the 2nd step adjusted to the suitable control gain 
for the control mode which had the control gain in the feedback control of output voltage detected, The 3rd 
step which detects output voltage, and the error of a command electrical potential difference and output 
voltage and the 4th step which detects the rate of the command change of potential, The 5th step which 
adjusts suitable control gain to the optimal control gain based on the rate of change and error which were 
detected, It is the record medium which recorded the program for making a computer perform the 6th step 
which changes direct current voltage into output voltage so that output voltage may turn into a command 
electrical potential difference by the feedback control using the adjusted optimal control gain and in which 
computer read is possible. 

[0124] If a program is executed by computer, the control mode of an AC motor will be detected and the 
control gain in the feedback control of the output voltage outputted from an electrical-potential-difference 
transducer will be adjusted to the suitable control gain for the detected control mode. And fluctuation of 
output voltage is detected, according to fluctuation of the detected output voltage, suitable control gain is 
adjusted further and the control gain in feedback control is set as the optimal control gain. If it does so, 
feedback control will be performed so that output voltage may be in agreement with a command electrical 
potential difference using the optimal control gain. 

[0125] Therefore, according to this invention, output voltage can be made in agreement with a command 
electrical potential difference to fluctuation of the control mode of an AC motor, or fluctuation of output 
voltage. 

[0126] In the 5th step, the rate of the command change of potential is smaller than the 1st reference value 
preferably. And when the absolute value of the error of a command electrical potential difference and output 
voltage is larger than the 2nd reference value, suitable control gain is lowered and is adjusted to the optimal 
control gain. More greatly [ rate of change ] than the 1st reference value, when an absolute value with error 
is larger than the 2nd reference value, suitable control gain is raised and is adjusted to the optimal control 
gain. Smaller [ rate of change ] than the 1st reference value, when an absolute value with error is smaller 
than the 2nd reference value, or when [ than the 1st reference value / when rate of change is larger ] an 
absolute value with error is smaller than the 2nd reference value, suitable control gain is held and is adjusted 
to the optimal control gain. 

[0127] If a program is executed by computer, control gain will be adjusted according to each control mode 
of a motor. At the time of the adjustment to the optimal suitable control gain from control gain The rate of 
the command change of potential, It is detected by the error of a command electrical potential difference and 
the output voltage of an electrical-potential-difference transducer whether feedback control is in a hunting 
condition, an overshoot condition, and which condition of undershooting information, and control gain is 
adjusted to the optimal control gain according to each of that detected condition. 

[0128] Therefore, according to this invention, the optimal control gain can be set up in each control mode of 
an AC motor. 

[0129] The control mode detected in the 1st step is the control mode from which a carrier frequency differs 
more preferably. 

[0130] If a program is executed by computer, the control mode from which a carrier frequency differs will 
be detected, and control gain will be adjusted according to the detected control mode. 

[0131] Therefore, even if the control mode of an AC motor changes between the control modes from which 
a carrier frequency differs, feedback control can be carried out so that output voltage may be in agreement 



with a command electrical potential difference. 

[0132] Still more preferably, the control modes detected in the 1st step are two or more control modes over 
2nd st r e r re m ° t0rS ' C ° ntr01 gain " 3djUSted aCC ° rding t0 OT more detected conH modes ?n the 

confroVn^ ^ ^ WiU be adjUSted «> that * ^ be -'able *» *e 

drive 4 if^ e «° re ' als ° ™ hen the out P ut volta 8 e of ^ electrical-potential-difference converter is used for the 
drive of *vo or more AC motors, output voltage can be made smoothly in agreement with a command 
electrical potential difference according to this invention * 1U1 a commancl 

and^torque^" in AC^motOr. 0 ^ 10 ' ^ " ^ ^ baSed °" the rotational fre W 

ofiiA^^SSST' ° f AC m ° t0r ^ t0rqUC ° fan AC m ° tor change with control ^odes 
nL^tmOi fh i Theref ° r e> if a program is executed by computer, the control mode of an AC motor will be 

m ,71 ^ ° f , an AC m ° t0r ' and ±C rot ^onal frequency of an AC motor. 

011R1 Jfu aCCO t rdin | T to ±is invention, the control mode of an AC motor is correctly detectable 

n S S 8 n ? S thC PI C ° ntro1 gain in feedba <* control still more preferably 

be adjusted^ 081 " 3111 18 6XeCUted ^ C ° mpUter ' thC int6gral 8ain "* P r °P° rti °^ gain in feedback control will 

^l Theref r' aC 5 0rding ^ this invention, the output voltage of an electrical-potential-difference 
converter can be made correctly in agreement with a command electrical potential difference 

[Embodiment of the Invention] It explains to a detail, referring to a drawing about the eestalt of oneratinn „f 

SETS same sign is 8iven to - same or a co — * p^^^S 

KiyS^STir 10 [86Stalt 1 ° f °u P erati ° n] drawin g 1 • ^otorised equipment 100 equipped with the 
electncal-poten laWifference inverter by the gestalt 1 of implementation of this invention is equinned with 
DC power supply B, voltage sensors 10, 1 1, and 13, the system relays SRI and SR2 capac toTci andC2 
the pressure-up converter 12, an inverter 14, a current sensor 24, and a control unh~ 30 AC motor LTf,? 
dnve motor for generating the torque for driving the driving wheel of a hybrid Z or an eL* ve^/cle Or 
this motor may be made to be built into a hybrid car as a thing which operates as a moTo -to an eneine for 
example, can perform engine starting so that it may have the Lction of the ^Z^JT^inc. 

V2 a reactor LI -- on the other hand, an edge is connected to power-source Rhine of DC power sunnlv B 
and an another side edge is connected between the midpoint of NPN transistor Ql STS m 
i.e., the emitter of NPN transistor Ql, and the collector of NPN transistor Q2 ° NPN^anitor^ Ol a^d 02 
are connected to a serial between power-source Rhine and an earth line. A^nd the coSo o NPNfra^stor 
Ql is connected to power-source Rhine, and the emitter of NPN transistor Q2 is connected to zn eShKne 
Moreover, between the collector emitters of each NPN transistors Ql and Q2, the diodes D 1 and 1^ which 
pass a current from an emitter side to a collector side are arranged Wtach 
[0144] An inverter 14 consists of U phase arm 15, V phase arm 16, and W phase arm 17 U phase arm 15 V 

SS2? -S" CO T C,Wl '° * e C0 " eCt0r side *• emiSd^Sve* ^ """^ 3 

Twl! T . h = -™<ipo,nt of each phase ami is eonnected to each phase end of each phase coil of AC motor Ml 

outputs the detected electrical potential difference VI to a control unit 30 Te^STS SRI £ SR2 
are turned on by the s.gnal SE from a control uni, 30. A capacitor CI graduates die dfrec! curfen, 'vonagf 



supplied from DC power supply B, and supplies the graduated direct current voltage to the pressure-up 
converter 12. 

[0148] The pressure-up converter 12 carries out the pressure up of the direct current voltage supplied from 
the capacitor CI, and supplies it to a capacitor C2. If Signal PWU is received from a control device 30, with 
Signal PWU, the pressure-up converter 12 will carry out the pressure up of the direct current voltage 
according to the period when NPN transistor Q2 was turned on, and, more specifically, will supply it to a 
capacitor C2. In this case, NPN transistor Ql is turned off by Signal PWU. Moreover, if Signal PWD is 
received from a control device 30, the pressure-up converter 12 will lower the pressure of the direct current 
voltage supplied from the inverter 14 through the capacitor C2, and will charge DC power supply B. 
[0149] A capacitor C2 graduates the direct current voltage from the pressure-up converter 12, and supplies 
the graduated direct current voltage to an inverter 14. A voltage sensor 13 is the electrical potential 
difference V2 (it is equivalent to the input voltage to an inverter 14.) of the both ends of a capacitor C2, i.e., 
the output voltage of the pressure-up converter 12. It is below the same. It detects and the detected output 
voltage V2 is outputted to a control unit 30. 

[0150] If direct current voltage is supplied from a capacitor C2, an inverter 14 will change direct current 
voltage into alternating voltage based on the signal PWMI from a control unit 30, and will drive AC motor 
Ml . This drives AC motor Ml so that the torque specified with the torque command value TR may be 
generated. Moreover, at the time of regenerative braking of the hybrid car or electric vehicle in which 
motorised equipment 100 was carried, an inverter 14 changes into direct current voltage the alternating 
voltage which AC motor Ml generated based on the signal PWMC from a control unit 30, and supplies the 
changed direct current voltage to the pressure-up converter 12 through a capacitor C2. In addition, with 
regenerative braking said here, it includes braking accompanied by a regeneration generation of electrical 
energy when there is foot-brake actuation by the driver who drives a hybrid car or an electric vehicle, and 
decelerating a car, carrying out a regeneration generation of electrical energy in turning off an accelerator 
pedal during transit, although a foot brake is not operated (or termination of acceleration). 
[0151] A current sensor 24 detects the motor current MCRT which flows to AC motor Ml, and outputs the 
detected motor current MCRT to a control unit 30. 

[0152] The torque command value TR and the motor rotational frequency MRN as which the control unit 30 
was inputted from ECU (Electrical Control Unit) prepared outside, It is based on the electrical potential 
difference VI from a voltage sensor 10, the output voltage V2 from a voltage sensor 13, and the motor 
current MCRT from a current sensor 24. The signal PWMI for driving Signal PWU and the inverter 14 for 
driving the pressure-up converter 12 by the approach of mentioning later is generated, and the Signal PWU 
and Signal PWMI which were generated are outputted to the pressure-up converter 12 and an inverter 14, 
respectively. 

[0153] Signal PWU is a signal for driving the pressure-up converter 12, when the pressure-up converter 12 
changes the direct current voltage from a capacitor CI into output voltage V2. And when the pressure-up 
converter 12 changes direct current voltage into output voltage V2, a control device 30 carries out feedback 
control of the output voltage V2, and generates the signal PWU for driving the pressure-up converter 12 so 
that output voltage V2 may become ordered electrical-potential-difference command Vdc_com. About the 
generation method of Signal PWU, it mentions later. 

[0154] Moreover, if a hybrid car or an electric vehicle receives the signal which shows that it went into 
regenerative-braking mode from external ECU, a control device 30 will generate the signal PWMC for 
changing into direct current voltage the alternating voltage generated with AC motor Ml, and will output it 
to an inverter 14. In this case, switching control of NPN transistors Q4, Q6, and Q8 of an inverter 14 is 
carried out by Signal PWMC. That is, when generating electricity with U phase of AC motor Ml, NPN 
transistors Q6 and Q8 are turned on, when generating electricity with V phase, NPN transistors Q4 and Q8 
are turned on, and when generating electricity with W phase, NPN transistors Q4 and Q6 are turned on. 
Thereby, an inverter 14 changes into direct current voltage the alternating voltage generated with AC motor 
Ml, and supplies it to the pressure-up converter 12. 

[0155] Furthermore, if a hybrid car or an electric vehicle receives the signal which shows that it went into 
regenerative-braking mode from external ECU, a control device 30 will generate the signal PWD for 
lowering the pressure of the direct current voltage supplied from the inverter 14, and will output the 
generated signal PWD to the pressure-up converter 12. Thereby, the pressure of the alternating voltage 
which AC motor Ml generated is changed and lowered by direct current voltage, and it is supplied to DC 
power supply B. 

[0156] Furthermore, a control unit 30 generates the signal SE for turning on the system relays SRI and SR2, 
and outputs it to the system relays SRI and SR2. 



[0157] Drawin g 2 is the functional block diagram of a control device 30. With reference to drawing 2 , a 
control unit 30 includes the motor torque control means 301 and the electrical-potential-difference 
conversion control means 302. The motor torque control means 301 The torque command value TR, the 
output voltage VI of DC power supply B, the motor current MCRT The signal PWU for turning on / turning 
off NPN transistors Ql and Q2 of the pressure-up converter 12 by the approach of mentioning later based on 
the output voltage V2 of the motor engine speed MRN and the pressure-up converter 12 at the time of the 
drive of AC motor Ml, The signal PWMI for turning on / turning off NPN transistors Q3-Q8 of an inverter 
14 is generated, and the Signal PWU and Signal PWMI which were generated are outputted to the pressure- 
up converter 12 and an inverter 14, respectively. 

[0158] If a hybrid car or an electric vehicle receives the signal RGE which shows that it went into 
regenerative-braking mode from external ECU at the time of regenerative braking, the electrical-potential- 
difference conversion control means 302 will generate the signal PWMC for changing into direct current 
voltage the alternating voltage which AC motor Ml generated, and will output it to an inverter 14. 
[0159] Moreover, if Signal RGE is received from external ECU at the time of regenerative braking, the 
electrical-potential-difference conversion control means 302 will generate the signal PWD for lowering the 
pressure of the direct current voltage supplied from the inverter 14, and will output it to the pressure-up 
converter 12. Thus, since the pressure-up converter 12 can also drop an electrical potential difference with 
the signal PWD for lowering the pressure of direct current voltage, it has the function of a bidirectional 
converter. 

[0160] Drawing 3 is the functional block diagram of the motor torque control means 301. With reference to 
drawin g 3 , the motor torque control means 301 contains the phase voltage operation part 40 for motor 
control, the PWM signal transformation section 42 for inverters, the inverter input voltage command 
operation part 50, the feedback voltage command operation part 52, and the duty ratio transducer 54. 
[0161] The phase voltage operation part 40 for motor control receives the output voltage V2 of the pressure- 
up converter 12, i.e., the input voltage to an inverter 14, from a voltage sensor 13, receives the motor current 
MCRT which flows to each phase of AC motor Ml from a current sensor 24, and receives the torque 
command value TR from Exterior ECU. And the phase voltage operation part 40 for motor control 
calculates the electrical potential difference impressed to the coil of each phase of AC motor Ml based on 
these signals inputted, and supplies the calculated result to the PWM signal transformation section 42 for 
inverters. The PWM signal transformation section 42 for inverters is based on the count result received from 
the phase voltage operation part 40 for motor control, generates the signal PWMI which actually turns on / 
turns off each NPN transistors Q3-Q8 of an inverter 14, and outputs the generated signal PWMI to each 
NPN transistors Q3-Q8 of an inverter 14. 

[0162] Thereby, switching control of each NPN transistors Q3-Q8 is carried out, and they control the current 
passed to each phase of the alternating current motor Ml so that AC motor Ml may take out the ordered 
torque. Thus, a motorised current is controlled and the motor torque according to the torque command value 
TR is outputted. 

[0163] On the other hand, the inverter input voltage command operation part 50 calculates based on the 
torque command value TR and the motor engine speed MRN, the optimum value (desired value), i.e., 
electrical-potential-difference command Vdc com, of inverter input voltage, and outputs the calculated 
electrical-potential-difference command Vdc com to the feedback voltage command operation part 52. 
[0164] Based on the output voltage V2 of the pressure-up converter 12 from a voltage sensor 13, and 
electrical-potential-difference command Vdc_com from the inverter input voltage command operation part 
50, by the approach of mentioning later, the feedback voltage command operation part 52 calculates 
feedback voltage command Vdc_com_fb, and outputs the calculated feedback voltage command 
Vdc com fb to the duty ratio transducer 54. 

[0165] The duty ratio transducer 54 calculates the duty ratio for setting the output voltage V2 from a voltage 
sensor 1 3 as feedback voltage command Vdc_com_fb from the feedback voltage command operation part 
52 based on the battery voltage VI from a voltage sensor 10, and feedback voltage command Vdc_com_fb 
from the feedback voltage command operation part 52, and generates the signal PWU for being based on the 
calculated duty ratio, and turning on / turning off NPN transistors Ql and Q2 of the pressure-up converter 
12. And the duty ratio transducer 54 outputs the generated signal PWU to NPN transistors Ql and Q2 of the 
pressure-up converter 12. 

[0166] In addition, since the power are recording in a reactor LI becomes large by enlarging on-duty of 
NPN transistor Q2 of the pressure-up converter 12 bottom, the output of the high voltage can be obtained 
more. On the other hand, the electrical potential difference of power-source Rhine falls by enlarging on-duty 
of upper NPN transistor Ql. Then, it is controllable in the electrical potential difference of power-source 



Rhine by controlling the duty ratio of NPN transistors Ql and Q2 on the electrical potential difference of the 
arbitration more than the output voltage of DC power supply B. 

[0167] With reference to drawing 4 , the feedback voltage command operation part 52 contains a subtractor 
521, the rate-of-change judging section 522, the electrical-potential-difference error judging section 523, the 
PI control gain decision section 524, and the PI control machine 525. A subtractor 521 receives electrical- 
potential-difference command Vdc_com from the inverter input voltage command operation part 50, and the 
output voltage V2 from a voltage sensor 13, and subtracts output voltage V2 from electrical-potential- 
difference command Vdc_com. And a subtractor 521 is outputted to the rate-of-change judging section 522 
and the PI control machine 525 by setting the subtracted result to error deltaVdc. 

[0168] The rate-of-change judging section 522 receives electrical-potential-difference command Vdc^com 
from the inverter input voltage command operation part 50, and error deltaVdc from a subtractor 521, and 
detects the rate of change of electrical-potential-difference command Vdc_com. And the rate-of-change 
judging section 522 judges whether the rate of change of detected electrical-potential-difference command 
Vdc_com is smaller than a reference value STD 1, and outputs the judgment result and error deltaVdc to the 
electrical-potential-difference error judging section 523. In this case, if the rate-of-change judging section 
522 has memorized past electrical-potential-difference command Vdc com and electrical-potential- 
difference command Vdc_com is newly received, it will detect the rate of change of electrical-potential- 
difference command Vdc_com with reference to past electrical-potential-difference command Vdc_com. 
Moreover, the rate-of-change judging section 522 outputs the judgment result DE 1 to the electrical- 
potential-difference error judging section 523, when the rate of change of electrical-potential-difference 
command Vdc_com is smaller than a reference value STD 1, and when the rate of change of electrical- 
potential-difference command Vdc_com is larger than a reference value STD 1, it outputs the judgment 
result DE 2 to the electrical-potential-difference error judging section 523. 

[0169] The electrical-potential-difference error judging section 523 calculates the absolute value of error 
deltaVdc received from the rate-of-change judging section 532, and judges whether the calculated absolute 
value |deltaVdc| is larger than a reference value STD 2. And the electrical-potential-difference error judging 
section 523 receives the judgment result DE 1 which shows that the rate of change of electrical-potential- 
difference command Vdc_com is smaller than a reference value STD 1 from the rate-of-change judging 
section 522, and generates the signal GDWN for absolute value |deltaVdc| to lower PI control gain, when 
larger than a reference value STD 2, and outputs it to the PI control gain decision section 524. Moreover, the 
electrical-potential-difference error judging section 523 receives the judgment result DE 1 from the rate-of- 
change judging section 522, and generates the signal GHLD for absolute value |deltaVdc| to hold PI control 
gain, when smaller than a reference value STD 2, and outputs it to the PI control gain decision section 524. 
Furthermore, the electrical-potential-difference error judging section 523 receives the judgment result DE 2 
which shows that the rate of change of electrical-potential-difference command Vdc_com is larger than a 
reference value STD 1 from the rate-of-change judging section 522, and generates the signal GUP for 
absolute value |deltaVdc| to raise PI control gain, when larger than a reference value STD 2, and outputs it to 
the PI control gain decision section 524. Furthermore, the electrical-potential-difference error judging 
section 523 receives the judgment result DE 2 from the rate-of-change judging section 522, and generates 
the signal GHLD for absolute value |deltaVdc| to hold PI control gain, when smaller than a reference value 
STD 2, and outputs it to the PI control gain decision section 524. 

[0170] Only a predetermined value will lower PI control gain and the PI control gain decision section 524 
will output the lowered PI control gain to the PI control machine 525, if Signal GDWN is received from the 
electrical-potential-difference error judging section 523. In this case, as for the PI control gain decision 
section 524, only a predetermined value lowers both proportional gain and integral gain. Moreover, the PI 
control gain decision section 524 will output the PI control gain already used for feedback control to the PI 
control machine 525, without changing PI control gain, if Signal GHLD is received from the electrical- 
potential-difference error judging section 523. In this case, the PI control gain decision section 524 does not 
change both proportional gain and integral gain. Furthermore, only a predetermined value will raise PI 
control gain and the PI control gain decision section 524 will output the raised PI control gain to the PI 
control machine 525, if Signal GUP is received from the electrical-potential-difference error judging section 
523. In this case, as for the PI control gain decision section 524, only a predetermined value raises both 
proportional gain and integral gain. 

[0171] The PI control machine 525 calculates feedback voltage command Vdc_com_fb based on PI control 
gain and error deltaVdc received from the PI control gain decision section 524. The PI control machine 525 
substitutes proportional gain PG, the integral gain IG, and error deltaVdc which were received from the PI 
control gain decision section 524 to a degree type, and, specifically, calculates feedback voltage command 



Vdccomfb. 
[0172] 
[Equation 1] 

Vdc_ccm_fb = P6x AVdc+IGx Z AVdc ••• (1) 

[0173] The duty ratio transducer 54 contains the duty ratio operation part 541 for converters, and the PWM 
signal transformation section 542 for converters. The duty ratio operation part 541 for converters calculates 
the duty ratio for setting the output voltage V2 from a voltage sensor 13 as feedback voltage command 
Vdc_com_ft> based on the battery voltage VI from a voltage sensor 10, and feedback voltage command 
Vdc_com fb from the PI control machine 525. The PWM signal transformation section 542 for converters 
generates the signal PWU for being based on duty ratio from the duty ratio operation part 541 for 

PWM 1 ? 1 " 8 ' fl d t T ng ?" ' tUming °/fJ? N ^stors Ql and Q2 of the pressure-up converter 12. And the 
PWM signal transformation section 542 for converters outputs the generated signal PWU to NPN transistors 
Ql and Q2 of the pressure-up converter 12. And based on Signal PWU, ON/OFF of NPN transistors Ql and 
Q2 of the pressure-up converter 12 are done. By this, the pressure-up converter 12 changes direct current 
voltage into output voltage V2 so that output voltage V2 may become electrical-potential-difference 
command Vdc_com. ^ 

™ 4] JIT'/ !°T e C °T iand Value TR is received from ex ternal ECU, the motor torque control 
means 3 01 of a control unit 30 will carry out feedback control of the electrical-potential-difference 
ou^TvnH^ * e P^^P converter 12 from direct current voltage to output voltage V2 so that the 
°; U ;° lta e Y 2 t °/* e Pressure-up converter 12 may become electrical-potential-difference command 
It^rZ d ° n th ^^ ue eonimand value TR, and it will control an inverter 14 so that AC 

motor Ml generates the torque of the torque command value TR. Thereby, AC motor Ml generates the 
torque specified with the torque command value TR. 

™Z 5 lT\f nehher * e , intemal re f istance of °C Power supply B nor the reactor LI of the pressure-up 
r^ 12 out lon 8 term deterioration, if PI control gain is held to constant value, the output 

R™f f fr! P ress " re - u P converter 12 will be set as electrical-potential-difference command Vdc com 
SZET* £ f" 1 u reS wf C , 6 °J DC P ° Wer SUpply B ° r the reactor L1 of ^ pressure-up converted' 
command vTcom ^ ° f *° P™""* 00OVBftBr U ^ S ^ & ° m 

[0176] As mentioned above, in order that the feedback voltage command operation part 52 of the motor 
torque control means 301 may calculate error deltaVdc of electrical-potential-differenTe co^d 
Vdc_com and the output voltage V2 of the pressure-up converter 12, it is equivalent to dete^fluctuation 
of outpu voltage V2 to calculate error deltaVdc. That is, since a gap of the output voltage V2 from 
electricaNpotential-difference command Vdc_com originates in fluctuation of output voltage V2 and is 
produced the amount of fluctuation of output voltage V2 becomes equal to error deltaVdc whichTthe 
amount of gaps of the output voltage V2 from electrical-potential-difference command vSc com 
[0177] And in order to adjust PI control gain based on error deltaVdc and to calculate feedback voltage 

±^^It C r^°>t b T d ° n ^ adjUSt6d PI C ° ntro1 gain ' feedback volta S e command Vdc com ft is 
™t.nH a f ff P ential - dlffer enc e c ommand for setting the changed output voltage V2 as electrical- " 
potential-difference command Vdc_com, when output voltage V2 is changed by change of the internal 
resistance of DC power supply B, or change of the reactor LI of the pressure-up converter ^ lT Therefore as 
for NPN transistors Ql and Q2 of the pressure-up converter 12, the pressure-up convert 
current voltage into output voltage V2 so that, as for the calculated signal PWU, output voltage V2 mav 
become electncal-potent,al-difference command Vdc_com, even if it changes outpuTvouage V2 ! ON / bv 
moli ^ ° ff u- consideration of fluctuation of output voltage V2 based on Signal PWU y 
nr!L, ' m i in yf tlon ' 11 ^ characterized by detecting fluctuation of the output voltage V2 of the 
pressure-up converter 12, adjusting PI control gain based on fluctuation of that detected output voltage V2 
and performing feedback control. Thereby, even when the internal resistance of DC power TunUvB or the 
reactor LI of the pressure-up converter 12 changes, direct current voltage can be change inS ^output 

m iiurj^ ^T 1 ? 8 *- V2 beC ° me clectrical-potential-difference comSSd VdcTom. 
[0179] In addition since fluctuation of the output voltage V2 of the pressure-up converter 12 is produced bv 
flucuaation of the internal resistance of DC power supply B as mentioned above, it is equivaLmr a Sng y 
PI control gain based on fluctuation of the internal resistance of DC power supply B to ad just PI control eaki 
n^ fl u C T° n ° f the ° UtpUt Volta e e V2 of the Pressure-up converter 12 J 8 " 

[0180] With reference to drawin g 5 , the actuation which controls the electrical-potential-difference 
conversion to output voltage V2 from the direct current voltage in the pressure-up con^^l^cplained. 



A start of actuation inputs the initial value of PI control gain (step SI). Thereby, PI control gain is 

SSS Hi£ 6 SUbtraCt °^ S! ° f thC £ CedbaCk V ° ltage COmmand operationpart 52 recefves e ectrical- 
potential-difference command Vdc_com from the inverter input voltage command operation part 50 and 
receives the output voltage V2 of the pressure-up converter 12 from a voltage sensoMS. And* Ibtra^or 
Sor SE5L°Sf ST ^trical-potential-difference command Vdc_com, and calcSs 

[0181] Then, the rate-of-change judging section 522 receives electrical-potential-difference command 
Vdc^com from the inverter input voltage command operation part 50, and detects the rate of change of the 
iX? h ^-P^Wifference command Vdc.com. And the rate-of-change judging secdon 522 
judges whether the rate of change of detected electrical-potential-difference command Vdc com is smaller 

Vh" a r referenCe „ alU t t STD 1 i St6P S3) ' Wh6n ±e rate ° f change of electrical-potential-diffeTere command 
Vdc com is smaller than a reference value STD 1 , it outputs the judgment result DE 1 and error dehXfcTo 
^o te n^ n H C ff" P otentia, - dlffer f^ error judging section 523, and when the rate of change of electrical 

S nil Vd r C ° m is larger than a reference value STD 1. ^ outputs the judgment 
m, *9i rf • T 1 " ddta ^ dC t0 ^ electri cal-potential-difference error judging section 523 
nnlntl * S * qmvalent t0 J u °gmg w het her the control system which sets output voltage V2 as electrical- 
potent al-difference command Vdc_com is the control mode with a small control input and whetoer it is the 
control mode with a arge control input to judge whether the rate of change of electrica -potential 

noteHIfJ! H f? C - C ° m 18 Smalle i wf 1 3 referenCe Value STD L ^ the rate ° f <*ange ofdSSt 000 
potential-difference command Vdc_com is smaller than a reference value STD 1, the difference of 

al - p ° T h l l - dlfference Command Vdc - C ™ and output voltage V2 becomes small rektiveW and the 
beco^ e r^alL r ^ **** V2 ^ * electrical-potential-difference command Vdc^com 

[0183] It is because the difference of electrical-potential-difference command Vdc com and output voltage 
V2 becomes large relatively when the rate of change of electrical-potential-difference command ^ 

^S^S^^I^ l ' "* C ° ntr f inpUt f ° r bringing ° UtpUt V ° ltage V2 clo" to et e C cS 
P° ent al-d illerence command Vdc_com becomes large on the other hand. 

ecti^^ the Judgment result DE 1 and error deltaVdc are received from the conversion-rate judging 
S 52 l (i e -' wh en judged with the rate of change of electrical-potential-difference command Vdc com 

han f referenc e value STD 1 in step S3), the electrical-potential-difference^oHudgini 
section 523 calculates absolute value |deltaVdc| of error deltaVdc, and judges whether the cTuCed 
absolute value |deltaVdc| is larger than a reference value STD 2 (step S4) calculated 
[01 85] It is equivalent to output voltage V2 changing up and down focusing on electrical-potential- 
difference command Vdc_com which is desired value, i.e., output voltage V2 carrying out S ng 
£S th p f abS ^ te val ye JdeltaVdcl of error deltaVdc is larger than a reference falue STD 2 And this 
originates in PI control gain being large. Therefore, the electrical-potential-difference error judgine^ction 

valuelfn rSToSS? T ^i 00 large abS ° IUte ^ |d ' ltaVdc '' When l-geS aSence 
value STD 2, and osciUating the control system (being too high). Moreover, the amount of eaos of the 

^vt?T tl * X f^ Ce COmmand VdC - C ° m outpufvoltage V2 that w^SSS^SL 
IdeltaVdc of error deltaVdc is smaller than a reference value STD 2 it is desired value is small and it is 

y q ZvH n I 8 u V ? n0t reSU,ting in hunting ^ration). Therefore, it^^^TibSfute^alue 

ffii'Sj 1 thC electrical-potential-difference error judging section ^^Ts^ZT 

fhi 8 tt ] V? ab ,° 1Ute ^ l deltaVdc l of en-or deltaVdc is larger than a reference value STD 2 originates in 
that the internal resistonce of DC power supply B became small, or the reactor LI of the nreslr^un 

TIT/h 5f72? be r me , ^ and ft ariS6S - Therefore ' in ste P S4 ' * » equivalent to Sg whether it 
originated in that the internal resistance of DC power supply B became small, or the reactor lTonhe 
pressure-up converter 12 having become large, and output voltage V2 was changed more shamlv than a 
Fm ?™' ned u 3lUe t0 JUdge Whether abs °l ute v alue |deltaVdc| is larger than Preference vahw STD2 
01 87] When absolute value |deltaVdc| judges with it being larger than a reference vXe S TO ^ ? L : 
judges with PI control gain oscillating by being too large (being V^)X7^^Jt^ ' * 
^h?p n T Ce TV^T SeCtl ° n 523 g6nerateS the Signal GDW * for lowering PI contr "l gain and outputs it 
m ShT deC1S ! 0n oST 524 - M ° reOVer > When absolute value (deltaVdc) jud|es Wkh it bdng 

*S r ? f T^ e V3lUe STD 2 6 ' When h jud S es with the control system no os Jlatmg) he 
electncal-potential-difference error judging section 523 generates the signal GHLD for holding the lit PI 

ESS 1?? ° UtpUtS * t0 the PI COntro1 S ain decisi °n section 524. g ?I 

[0188] If the PI control gam decision section 524 receives Signal GDWN from the electrical-potential- 



difference error judging section 523, only a predetermined value will lower the proportional gain of PI 
control gain, and integral gain (step S5). Generally the predetermined value when lowering this gain is 
determined in consideration of the load of the pressure-up converter 12 which changes direct current voltage 
into output voltage V2, although it is 5%. "iiagc 
[0189] Moreover, the PI control gain decision section 524 will set the proportional gain of PI control gain 
and integral gam as the last value, if Signal GHLD is received from the electrical-potential-difference erro'r 
judging section 523 (step S6). And the PI control gain decision section 524 outputs the determined PI 
control gain to the PI control machine 525. 

[0190] On the other hand, when the judgment result DE 2 and error deltaVdc are received from the 
conversion-rate judging section 522 (i.e., when judged with the rate of change of electrical-potential- 
difterence command Vdc_com being larger than a reference value STD 1 in step S3), the electrical- 
potential-difference error judging section 523 calculates absolute value |deltaVdc| of error deltaVdc and 
whether the calculated absolute value |deltaVdc| is larger than a reference value STD 2 (stepS7) 
[0191] In this case, it is equivalent to flattery delay having arisen to electrical-potential-difference command 
Vdc_com that it is greatly shifted [ V2 ] from electrical-potential-difference command Vdc com whose 

°T c™o Se 15 SlTGd t Value that abs ° lute value IdeltaVdcl of error deltaVdc is larger Than a reference 
value STD 2, i.e., output voltage. And this originates in PI control gain being small. Therefore, the 
electncal-potential-difference error judging section 523 judges with PI control gain having too small 
absolute value |deltaVdc|, when larger than a reference value STD 2, and flattery (being too low) delay 
having produced the control system. Moreover, the amount of gaps of the electrical-potential-difference 
command Vdc_com and output voltage V2 that whose absolute value |deltaVdc| of error deltaVdc is smaller 
than a reference value STD 2 it is desired value is small, and it is equivalent to output voltage V2 not 
ITS I" f i atte 7 u del fy to electrical-potential-difference command Vdc com. Therefore, absolute value 
|deltaVdc| judges he electncal-potential-difference enor judging section 523 as flattery delay having not 
ansen, when smaller than a reference value STD 2. s 
[0192] In this case that absolute value |deltaVdc| of error deltaVdc is larger than a reference value STD 2 
onginates in that the internal resistance of DC power supply B became large, or the reactor LI of the 
pressure-up converter 12 having become small, and it arises. Therefore, in step S7, it is equivalent to 
judging whether it onginated in that the internal resistance of DC power supply B became large, or the 
reactor LI of the pressure-up converter 12 having become small, and output voltage V2 was changed more 
tSuc STD2 3 Predetermmed value to J' ud g e whether absol ute value |deltaVdc| is larger than a reference 
[01 93] When absolute value |deltaVdc| judges with it being larger than a reference value STD 2 (i e when it 

SnLTi r£ C h / mg t0 ° SmaU flattery (bein S to ° low > dela y havin § arisen), the electrica" 

potentia -difference enor judging section 523 generates the signal GUP for raising PI control gain and 
outputs it to the PI control gain decision section 524. Moreove^ when absolute vie |S^dffi£ with 
it being smaller than a reference value STD 2 (i.e., when it judges with flattery delay having not arisen Z T 
Snl tht T m C f -P° te " tial - d ^ence enor judging section 523 generates the signal GHLD for 
Sf 1 £ CO " r<>1 gam ' ^ OUtputs h to the PI contro1 8 ain Vision section 524. 
[0194] If the PI control gain decision section 524 receives Signal GUP from the electrical-potential- 
difference error judging section 523, only a predetermined value will raise the proportional gain of PI 
control gam, and integral gain (step S8). 81 
[0195] | Moreover, the PI control gain decision section 524 will set the proportional gain of PI control gain 
and integral gain as the last value, if Signal GHLD is received from the electrical-pLntial-differenc^^ 
judging section 523 step S6). And the PI control gain decision section 524 outputs the deterrninecTpi 
control gain to the PI control machine 525. • 
[0196] Then the PI control machine 525 substitutes for the above-mentioned formula (1) PI control gain 

2* Z f ? C , d f ™ ned ' n StepS S5 ' S6 ' and S8 ' Calculates feedback volta Se command Vdc com fb 
and outputs the calculated feedback voltage command Vdc_com fb to the duty ratio operation part 54? for' 
converters of the duty ratio transducer 54 (step S9). p JHl Ior 

thJ oIL^tl^f 5 S °' ?I duty ratio aeration part 541 for converters will calculate the duty ratio for setting 
the output voltage V2 from a voltage sensor 1 3 as feedback voltage command Vdc com fb based on 
?nfthfp™ ge w T nan ^ Vdc -eom_fb and the battery voltage VI from a voltage"sensor 10 (step S10) 
And the PWM signal transformation section 542 for converters generates the signal PWU for being based on 

o7and n/^h ^ rat, ° ° Perati ° n Pa,t 541 f ° r converter s> ™* turning on / turning off nSS^^ 
Ql and Q2 of the pressure-up converter 12. «u»«iwia 

[0198] The PWM signal transformation section 542 for converters outputs the generated signal PWU to 



NPN transistors Ql and Q2 of the pressure-up converter 12 (step SI 1). And based on Signal PWU, ON/OFF 
of NPN transistors Ql and Q2 of the pressure-up converter 12 are done, and they are controlled so that the 
output voltage V2 of the pressure-up converter 12 approaches electrical-potential-difference command 
Vdccom. 

[0199] Then, steps S2-S1 1 are performed repeatedly, and finally, the pressure-up converter 12 changes 
direct current voltage into output voltage V2 so that output voltage V2 may become electrical-potential- 
difference command Vdc com. 

[0200] Thus, in this invention, fluctuation of the output voltage V2 resulting from change of the internal 
resistance of DC power supply B or change of the reactor LI of the pressure-up converter 12 is detected 
(step S4, S7 reference), and it is characterized by what (steps S5 and S6, S8 reference) PI control gain 
(proportional gain and integral gain) is adjusted for according to the variation of that detected output voltage 

[0201] And even if change of the internal resistance of DC power supply B or change of the reactor LI of 
the pressure-up converter 12 arises by performing feedback control using the PI control gain adjusted 
according to the variation of output voltage V2, output voltage V2 can be set as electrical-potential- 
difference command Vdc com. 

[0202] Again, the actuation in motorised equipment 100 is explained with reference to drawing 1 . A control 
unit 30 generates Signal PWU and Signal PWMI for controlling the pressure-up converter 12 and an inverter 
14 so that AC motor Ml generates the torque command value TR, and outputs them to the pressure-up 
converter 12 and an inverter 14, respectively while it will generate the signal SE for turning on the system 
relays SRI and SR2 and will output it to the system relays SRI and SR2, if the torque command value TR is 
inputted from external ECU. 

[0203] And DC power supply B output direct current voltage, and the system relays SRI and SR2 supply 
direct current voltage to a capacitor CI. A capacitor CI graduates the supplied direct current voltage, and 
supplies the graduated direct current voltage to the pressure-up converter 12. 

[0204] If it does so, according to the signal PWU from a control unit 30, ON/OFF of NPN transistors Ql 
and Q2 of the pressure-up converter 12 will be done, they will change direct current voltage into output 
voltage V2, and will supply it to a capacitor C2. A voltage sensor 13 detects the output voltage V2 which is 
an electrical potential difference of the both ends of a capacitor C2, and outputs the detected output voltage 
V2 to a control unit 30. 

[0205] As mentioned above, a control unit 30 calculates error delta Vdc of electrical-potential-difference 
command Vdc_com and output voltage V2, and adjusts PI control gain according to the calculated error 
delta Vdc. And a control device 30 performs feedback control using the adjusted PI control gain, generates 
the signal PWU which controls the electrical-potential-difference conversion to output voltage V2 from 
direct current voltage so that output voltage V2 becomes electrical-potential-difference command Vdc_com, 
and outputs it to the pressure-up converter 12. By this, the pressure-up converter 12 changes direct current 
voltage into output voltage V2 so that output voltage V2 may become electrical-potential-difference 
command Vdc com. 

[0206] A capacitor C2 graduates the direct current voltage supplied from the pressure-up converter 12, and 
supplies it to an inverter 14. According to the signal PWMI from a control device 30, it is turned off and an 
inverter 14 changes direct current voltage into alternating voltage, and NPN transistors Q3-Q8 of an inverter 
14 pass predetermined alternating current to each phase of U phase of the alternating current motor Ml, V 
phase, and W phase so that AC motor Ml may generate ON / torque specified with the torque command 
value TR. Thereby, AC motor Ml generates the torque specified with the torque command value TR. 
[0207] When the hybrid car or electric vehicle in which motorised equipment 100 was carried becomes 
regenerative-braking mode, a control unit 30 receives the signal which shows that it became regenerative- 
braking mode from external ECU, generates Signal PWMC and Signal PWD, and outputs them to an 
inverter 14 and the pressure-up converter 12, respectively. 

[0208] AC motor Ml generates alternating voltage, and supplies the generated alternating voltage to an 
inverter 14. And according to the signal PWMC from a control unit 30, an inverter 14 changes alternating 
voltage into direct current voltage, and supplies the changed direct current voltage to the pressure-up 
converter 12 through a capacitor C2. 

[0209] The pressure-up converter 12 lowers the pressure of direct current voltage according to the signal 
PWD from a control unit 30, supplies it to DC power supply B, and charges DC power supply B. 
[0210] Thus, it sets to motorised equipment 100. Even when the internal resistance of DC power supply B or 
the reactor LI of the pressure-up converter 12 changes The direct current voltage from DC power supply B 
is changed into output voltage V2 so that the output voltage V2 of the pressure-up converter 12 may become 



electrical-potential-difference command Vdccom. The changed direct current voltage is supplied to an 
inverter 14 through a capacitor C2, and the alternating current motor Ml drives it so that the torque 
specified with the torque command value TR may be generated. Moreover, in regenerative-braking mode, 
motorised equipment 100 drives so that DC power supply B may be charged by the power which AC motor 
Ml generated. 

[021 1] In addition, in step S4 of the flow chart shown in drawin g 5 , and S7, it is equivalent to detecting 
change of the internal resistance of DC power supply B used as the cause of changing output voltage V2, or 
change of the reactor LI of the pressure -up converter 12 to detect fluctuation of output voltage V2. 
[0212] Moreover, in this invention, the feedback voltage command operation part 52 and the duty ratio 
transducer 54 of the pressure-up converter 12 and a control device 30 constitute a "electrical-potential- 
difference inverter." 

[0213] Furthermore, in this invention, the feedback voltage command operation part 52 and the duty ratio 
transducer 54 constitute the "control means" which controls the pressure-up converter 12 as an electrical- 
potential-difference transducer. 

[0214] Furthermore, the electrical-potential-difference conversion approach by this invention is the 
electrical-potential-difference conversion approach of performing feedback control according to the flow 
chart shown in drawing 5 , and changing direct current voltage into output voltage V2. 
[0215] Furthermore, feedback control in the feedback voltage command operation part 52 and the duty ratio 
transducer 54 is performed by CPU (Central Processing Unit) in fact, and CPU controls the electrical- 
potential-difference conversion to output voltage V2 from direct current voltage according to the flow chart 
which performs read-out and its read program from ROM (Read Only Memory), and shows a program 
equipped with each step of the flow chart shown in drawing 5 to drawin g 5 . Therefore, ROM is equivalent 
to the record medium which recorded the program equipped with each step of the flow chart shown in 
drawin g 5 and in which computer (CPU) read is possible. 

[0216] According to the gestalt 1 of operation, since it has the control means which controls the electrical- 
potential-difference conversion to output voltage from direct current voltage so that the variation of the 
output voltage of a pressure-up converter may be detected, PI control gain may be adjusted according to the 
detected variation and output voltage may become an electrical-potential-difference command, an electrical- 
potential-difference inverter can set output voltage as an electrical-potential-difference command, even 
when the internal resistance of DC power supply or the. reactor of a pressure-up converter ages. 
[0217] With reference to [gestalt 2 of operation] drawing 6 , motorised equipment 100A equipped with the 
electrical-potential-difference inverter by the gestalt 2 of operation replaces the control unit 30 of motorised 
equipment 100 with control unit 3 OA, a voltage sensor 1 1 is added, and others are the same as motorised 
equipment 100. 

[0218] A voltage sensor 1 1 detects the input voltage V3 to the pressure-up converter 12, and outputs the 
detected input voltage V3 to control unit 3 OA. 

[0219] With reference to drawing 7 , control unit 30A replaces the motor torque control means 301 of a 
control unit 30 with motor torque control means 301 A, and others are the same as a control unit 30. 
[0220] Motor torque control means 301A generates Signal PWU based on the input voltage V3 to the 
pressure-up converter 12, and outputs the generated signal PWU to the pressure-up converter 12 so that it 
may mention later, while it generates Signal PWMI by the same approach as the motor torque control means 
301 and outputs it to an inverter 14. 

[0221] With reference to drawing 8 , motor torque control means 301 A replaces the feedback voltage 
command operation part 52 of the motor torque control means 301 with feedback voltage command 
operation part 52A, and others are the same as the motor torque control means 301 . 

[0222] Feedback voltage command operation part 52A calculates feedback voltage command Vdc_com_fb 
based on electrical-potential-difference command Vdc com from the inverter input voltage command 
operation part 50, and the converter input voltage V3 from a voltage sensor 11. 

[0223] With reference to drawing 9 , feedback voltage command operation part 52A adds the output voltage 
generation section 526 to the feedback voltage command operation part 52, and others are the same as the 
feedback voltage command operation part 52. In addition, in feedback voltage command operation part 52A, 
the duty ratio operation part 541 for converters outputs the calculated duty ratio to the PWM signal 
transformation section 542 for converters, and the output voltage generation section 526. 
[0224] The output voltage generation section 526 generates output voltage V2 based on the converter input 
voltage V3 from a voltage sensor 11, and the duty ratio from the duty ratio operation part 541 for converters, 
and outputs the generated output voltage V2 to a subtractor 521. Specifically, the output voltage generation 
section 526 generates output voltage V2 by calculating the product of the converter input voltage V3 and 



ON duty ratio. 

[0225] In addition, the output voltage generation section 526 receives the output voltage Vdc of the 
pressure-up converter 12 from a voltage sensor 13, and checks that the output voltage V2 which asked for 
the output voltage V2 for which it asked by calculating the product of the converter input voltage V3 and 
ON duty ratio by the operation as compared with the output voltage Vdc of the pressure-up converter 12 is 
in agreement with output voltage Vdc. However, it is not necessary to carry out by what is necessary's being 
just to perform this check once, and continuing. " 

[0226] After the output voltage generation section 526 generates output voltage V2, feedback control is 
performed so that output voltage V2 may become electrical-potential-difference command Vdc com 
according to the actuation explained in the gestalt 1 of operation. 

[0227] In the gestalt 2 of this operation, the input voltage V3 to the pressure-up converter 12 is detected and 
since feedback control is performed so that the output voltage V2 calculated based on that detected input 
voltage V3 may become electrical-potential-difference command Vdc_com, the gap from electrical- 
potential-difference command Vdc_com of the output voltage V2 resulting from change of the internal 
resistance of DC power supply B will be amended. 

[0228] With reference to drawing 10 , the control action of the electrical-potential-difference conversion in 
the gestalt 2 of operation is explained. The flow chart shown in drawing 10 inserts step Sla between step SI 
of a flow chart and step S2 which are shown in drawing 5 , and others are the same as the flow chart shown 
in drawing 5_ . 

[0229] The output voltage generation section 526 generates output voltage V2 after step SI by calculating 

the product of die converter input voltage V3 from a voltage sensor 1 1, and the duty ratio from the duty ratio 

operation part 541 for converters (step Sla). Then, as explained in the gestalt 1 of operation, step S2 - step 

S 1 1 are performed. And step Sla- step S 1 1 are repeatedly performed after step S 1 1 

[0230] Thus, in the gestalt 2 of operation, fluctuation of the input voltage V3 resulting from change of the 

internal resistance of DC power supply B is detected by detecting the input voltage V3 to the pressure-up 

converter 12^ And since it asks for output voltage V2 based on the detected input voltage V3 it is equivalent 

to detecting fluctuation of output voltage V2 to detect fluctuation of input voltage V3 

[0231] Others are the same as the gestalt 1 of operation. Since an electrical-potential-difference inverter is 

equipped with the control means which controls the electrical-potential-difference conversion to output 

? ^fl! V ° ltage S ? * at PI " contro1 S ain ™y be adjusted according to the variation which 
tfZ 1 i e t Var !f t,0n °/ the mpUt V ° ltage ° f a P ressure ' u P converter, and detected and detected the variatkm 
of the output voltage of a pressure-up converter based on the variation of the detected input voltage and 
output voltage may become an electrical-potential-difference command, even when the internal resistance of 
DC power supply ages according to the gestalt 2 of operation, output voltage can set as an electrical- 
potential-difference command. 

[0232] With reference to [gestalt 3 of operation] drawing 11 , motorised equipment 100B by the gestalt 3 of 
operation replaces the control unit 30 of motorised equipment 100 with control unit 30B, thermo sensor 10A 

E?« ^ SenS ° r 25 add6d ' and ° thers m the same as motorised equipment 1 00 
10233 J Thermo-sensor 10A detects the temperature TB of DC power supply B, and outputs the detected 
temperature TB to control unit 30B. A current sensor 25 detects the powTr-souVce cu^ent ft of DC power 
supply B, and outputs the detected power-source current ft to control unit 30B 

lonlol^n^r 6 *? di ; aWing 12 ' T tro1 308 re P laces the motor tor q«e control means 301 of a 
EESS aT I ♦ m ° t0r t ,° rqUe C ° ntro1 means 301B ' and others ■» ^ sam e ^ a control unit 30 
[0235] Motor torque control means 301B detects fluctuation of the supply voltage of DC power supply B 

ZZS^^TT, ° f reSiStanCe ° f DC P ° Wer B ' S enerates Si gn a l PWU based on 

fluctuation of the detected supply voltage, and outputs the generated signal PWU to the pressure-up 

converter 12 so that it may mention later, while it generates Signal PWMI by the same approach as the 
motor torque control means 301. FF 
[0236] With reference to drawing 13 , motor torque control means 301B replaces the feedback voltage 
command operation part 52 of the motor torque control means 301 with feedback voltage command 
SGJ* , 10n part 52B > and others are the same as the motor torque control means 30 1 

WH ] Feedb f Ck Y° ltage C ° 1 n Y n , and oP«ation Part 52B calculates feedback voltage command Vdc com ft 
based on electncal-potential-difference command Vdc_com from the inverter input voltage command 
operation part 50, and the temperature TB from thermo-sensor 10A and the power-source currentTfrom a 
t^Zce™4 ° UtPUtS ^ CalCUlated feedback volta S e command Vdc_com_ft to the duty ratio 

[0238] With reference to drawing 14 , , feedback voltage command operation part 52B adds the output 



voltage generation section 527 to the feedback voltage command operation part 52, and others are the same 
as the feedback voltage command operation part 52. In addition, the duty ratio operation part 541 for 
converters outputs the calculated duty ratio to the PWM signal transformation section 542 for converters 
and the output voltage generation section 527. 

[0239] The output voltage generation section 527 calculates the output voltage V2 of the pressure-up 
converter 12 based on the dc-battery temperature TB from thermo-sensor 10A, the power-source current lb 
from a curren sensor 25, and the duty ratio from the duty ratio operation part 541 for converters and 
outputs the calculated output voltage V2 to a subtractor 521 . 

[0240] Generation of the output voltage V2 in the output voltage generation section 527 is explained When 
supply voltage of Rb and DC power supply B is set [ the electromotive force of DC power supply B to ^ 
for the internal resistance of VbO and DC power supply B, supply voltage Vb is expressed by the degree 

[0241] 

[Equation 2] 

Vb = VbO-lbftb ■- (2) 

[0242] Internal resistance Rb has the relation shown in the temperature TB and drawing 1 3 of for example 
DC power supply B. Therefore, the output voltage generation section 527 holds as a map the relation of the 
m emal resistance Rb and temperature TB which are shown in drawing 15 , and asks for the internal 
resistance Rb of DC power supply B from the held map in response to the temperature TB from thermo- 
sensor 10A. and the electromotive force VbO - beforehand - a solution - **** - since it if lhe ouZt 
f^eVh S n n ,r h T SeC , tl0n5 t 27 cal ™ lat es su PPly voltage Vb by substituting for a formula (2) electromotive 
Censor 25 resistance Rb for which it asked, and the power-source current lb from a current 

[0243] And the output voltage generation section 527 calculates the product of input voltage V3 and duty 
ratio for the calculated supply voltage Vb as input voltage V3 of the pressure-up converter 12 generates the 
s^Tacto°r sit P^sure-up converter 12, and outputs the generated output voltage V2toT 

[0244] In addition it checks whether the output voltage V2 of the output voltage generation section 527 for 
which it asked by the approach which received the output voltage Vdc of the pfesfure-up converter 12 from 
the voltage sensor 13, and was mentioned above corresponds with output voltege Vdc. It is not ^ecessaTto 

^ hat 18 necessary's being just to perform this check once P and continuing ^ 
[0245] After the output voltage generation section 527 generates output voltage V2, feedback control is 

accoXJ Z^l TT T V , 2 ™l beC ° me eIec trical-potential-difference command Vd com 
according to the actuation explained in the gestalt 1 of operation 

[0246] In the gestalt 3 of this operation, the temperature TB of DC power supply B is detected and it is 
based on that detected temperature TB. The internal resistance Rb of DC power supply B And aTk for 
supply voltage Vb and output voltage V2 is calculated for the supply voltage Vb fo^ whfchlriked 2 innut 
vohage V3 to the pressure-up converter 12. Since feedback control is performed s^tlTat the caTcSel ? 
outpu voltage V2 may become electrical-potential-difference command Vdc com, the gap from electrical 
potential-difference command Vdc_com of the output voltage V2 resulting from chang f G f theTnternaT 
resistance ofDC power supply B will be amended. "unge or ine internal 

th^tll^t? r f erenc , e to drawings , the control action of the electrical-potential-difference conversion in 
bet^efn 1 " u ^T*' ^ floW chart shown in dra wing 16 inserts step Sib and Sic 

n^l!^^^. ^ StGP 82 WWch ^ ShOWn in • «* - *e same as the 

aftet^iT PU H VOlt fi? e . 8enerati0n SCCti0n 527 d6teCtS the internal resistance Rb of DC power supply B 
after step SI based on the temperature TB from thermo-sensor 10A (step Sib). And the output voltTee 
generation section 527 asks for supply voltage Vb based on the power-source cu^en ^ 
sensor 25, the internal resistance Rb for which it asked in step Sib, and electromotive force ^O ^d 
generates output voltage V2 by calculating the product of input voltage V3 and the duty ano from^he dutv 

TIZ Part 541 fo ^ c ° nVerterS f ° r the Supplv volta S e Vb for ^ hich ^ asked as mpu vohage V3 to 

the pressure-up converter 12 (step Sic). Then, as explained in the gestalt 1 of operation step S2 sten SH 

mL P o e i rf xr ed - ^ St6P ? lb " St6p S1 1 are re P e atedly performed after step sl ° Peratl ° n ' St6p S2 Step S1 1 
esultml fSL^S St ?i 3 0f f 0peration ' fluctuation of the supply voltage Vb of DC power supply B 
lit change of the internal resistance of DC power supply B and fluctuation of input voltage V3 
are detected by detecting the temperature TB of DC power supply B. And since it asks for ou^ut voftage V2 



based on the detected input voltage V3, it is equivalent to detecting fluctuation of output voltage V2 to 
detect fluctuation of supply voltage Vb. 

[0250] Others are the same as the gestalt 1 of operation. According to the gestalt 3 of operation, an 
electncal-potential-difference inverter detects the temperature of DC power supply. It is based on the 
detected temperature The variation of the internal resistance of DC power supply, the variation of supply 
voltage, And detect the variation of the input voltage of a pressure-up converter, and the variation of the 
output voltage of a pressure-up converter is detected based on the variation of the detected input voltage 
Since it has the control means which controls the electrical-potential-difference conversion to output voltage 
from direct current voltage so that PI control gain may be adjusted according to the detected variation and 
output voltage may become an electrical-potential-difference command, even when the temperature of DC 
^Z^??^ °^ es ' out P ut volta g e can °e set as an electrical-potential-difference command 
[0251] With reference to [gestalt 4 of operation] drawing^ , motorised equipment 100C equipped with the 
electncal-potential-difference inverter by the gestalt 4 of operation replaces the control unit 30 of motorised 
^?^l 0 °r th C ° ntrol Unit 30C ' and others are the same as motorised equipment 100 motonsed 
[0252] W.th reference to drawing 18 , control unit 30C replaces the motor torque control means 301 of a 

xT m0t ° r t0rqUe C ° ntro1 means 301C > ^ others a* 5 *k sam e as a control unit 30 

™? ] h^H 0 onT U H ^ 301 F d ? 6CtS thC C ° ntro1 mode ° f AC motor M1 > and generates Signal 

PWU based on the detected control mode. And motor torque control means 301C outputs the generated 

signal PWU to the pressure-up converter 12. 

[0254] With reference to drawing 19 , motor torque control means 301C replaces the feedback voltage 
command operation part 52 of the motor torque control means 301 with feedback voltage command 
operation part 52C, and others are the same as the motor torque control means 301 

[0255] Feedback voltage command operation part 52C calculates feedback voltage command Vdc com fb 
based on electncal-potential-difference command Vdc_com from the inverter input voltage command " 
operation part 50, and the torque command value TR from Outside ECU and the engine speed MRN of AC 
motor Ml , and outputs the calculated feedback voltage command Vdc_com fb to the duty ratio^nsducer 
54. Based on the torque command value TR and the motor rotational frequency MRN, feedback voltage 

n?e m p7 a ,ni°^, eratl0n rt 52C de u eC ! S the C ° ntro1 m ° de ° f AC motor M1 > more specifically, determines 
the PI control gam which suits the detected control mode. And in the feedback control using the determined 
PI control gam, feedback voltage command operation part 52C calculates feedback voltage command 
Vdc com_fb for setting the output voltage V2 of the pressure-up converter 12 as electrical-potential- 

^Zlt^ fr ° m ^ inV6rter ^ V ° ltage ~ d °P erati ° n P- 5 °> - d "■**» ^ to 
[0256] With reference to drawing 20 , feedback voltage command operation part 52C contains the control 
macnine 5 8 25 8 ' * ^ * 21 ' W C ° ntro1 gain dedsi ° n SeCtion 524 ' ^ the PI co ^ol 

operation 8 " haVing 6Xplained the subtractor 521 ^ the PI control machine 525 in the gestalt 1 of 

fA¥ L B * Sed t° n , the ?T? Command value TR ^ motor rotational frequency MRN from Outside 
SSi . n T dC 3U i & ? 8 SeCtl ° n 520 judges the contro1 mode of A C motor Ml, and outputs the 
£ reSult Md e ™ deltaVd c from a subtractor 521 to the PI control gain decision section 524 
[0259] More specifically, the control mode judging section 520 judges any of the PWM control mode the 
overmodulation control mode, and the rectangle control mode the control mode of AC motor MHs based on 
the torque command value TR and the motor rotational frequency MRN. And when it judges wim the 
contro mode of AC motor Ml being the PWM control mode, the control mode judging section 520 
generates the signal SCM 1 which shows that the control mode of AC motor Ml is the PWM conttol mode 
and outputs the signal SCM 1 and error deltaVdc from a subtractor 521 which were generated £ Ae PI 
control gain decision section 524. 5 c ri 

moHe ] ^T r ,' [t i UdgeS With the C ° ntro1 m ° de ° f AC motor M1 bein g the overmodulation control 
mode the control mode judging section 520 generates the signal SCM 2 which shows that the control mode 

fro m a Th£?f s,? 6 < ? Ve r modulation contro1 mode > -nd outputs the signal SCM 2 and error deltaVdc 
from a subtractor 52 1 which were generated to the PI control gain decision section 524. 

J™£ a Urthe ™ e ' when it judges with the control mode of AC motor Ml being the rectangle control 
mode, the control mode judging section 520 generates the signal SCM 3 which shows that the control mode 

subtacTr Z f° r6Ctangle C °? r01 m ° de ' ° UtpUtS the si ^ al SCM 3 and «™ deltaVdc Zi a 

SJSSfS u 7 ° h W6re g enerate d to the PI control gain decision section 524. 

[0262] With reference to drawing 21 , the judgment approach of the control mode of AC motor Ml in the 



control mode judging section 520 is explained. Drawing 21 is drawing showing the relation between the 
torque T of AC motor Ml, and the motor rotational frequency MRN. 

[0263] If the predetermined rotational frequency of the torque T of AC motor Ml is fixed and a 
predetermined rotational frequency is exceeded, it will fall gradually with the increment in the motor 
rotational frequency MRN. A field RGN1 shows that the control mode of AC motor Ml is the PWM control 
mode, a field RGN2 shows that the control mode of AC motor Ml is the overmodulation control mode, and 
a field RGN3 shows that the control mode of AC motor Ml is the rectangle control mode. 
[0264] The control mode judging section 520 will judge whether the torque command value TR and motor 
rotational frequency MRN which were received are contained to which field of fields RGN1-RGN3, if the 
torque command value TR and the motor rotational frequency MRN are received from Exterior ECU. And 
when the torque command value TR and the motor rotational frequency MRN are contained to a field 
RGN1, the control mode of AC motor Ml judges that the control mode judging section 520 is the PWM 
control mode, and it generates a signal SCM 1. Judge with the control mode of AC motor Ml being the 
overmodulation control mode, when the torque command value TR and the motor rotational frequency 
MRN are contained to a field RGN2, and a signal SCM 2 is generated. When the torque command value TR 
and the motor rotational frequency MRN are contained to a field RGN3, it judges with the control mode of 
AC motor Ml being the rectangle control mode, and a signal SCM 3 is generated. 
[0265] Thus, the control mode judging section 520 detects either the PWM control mode, the 
overmodulation control mode and the rectangle control mode based on the torque command value TR and 
the motor rotational frequency MRN. In this case, the PWM control mode has the highest carrier frequency 
that turns on / turns off NPN transistors Q3-Q8 of an inverter 14 which drive AC motor Ml , the 
overmodulation control mode has a next high carrier frequency, and the rectangle control mode has the 
lowest carrier frequency. Therefore, it is equivalent to detecting the control mode from which a carrier 
frequency differs based on the torque command value TR and the motor rotational frequency MRN to detect 
either the PWM control mode, the overmodulation control mode and the rectangle control mode based on 
the torque command value TR and the motor rotational frequency MRN. 

[0266] In addition, if the control mode judging section 520 holds as a map the relation of the torque of a 
motor and the rotational frequency of a motor which are shown in drawing 21 and the torque command 
value TR and the motor rotational frequency MRN are received from Exterior ECU It searches in any of the 
fields RGN1-RGN3 shown in drawing 21 the torque command value TR and the motor rotational frequency 
MRN are contained, and judges any of the PWM control mode, the overmodulation control mode, and the 
rectangle control mode the control mode of AC motor Ml is. 

[0267] Again, with reference to drawing 20 , the PI control gain decision section 524 receives error 
deltaVdc from the control mode judging section 520 as either of the signals SCM1-SCM3, determines the PI 
control gain suitable for each control mode based on the signals SCM1-SCM3 and error deltaVdc which 
were received, and outputs the determined PI control gain to the PI control machine 525. 
[0268] The PI control machine 525 substitutes the PI control gain (proportional gain PG and integral gain 
IG) from the PI control gain decision section 524, and error deltaVdc from a subtracter 521 for a formula 
(1), calculates feedback voltage command Vdc_com_fb, and outputs the calculated feedback voltage 
command Vdccomfb to the duty ratio transducer 54. & 
[0269] Thus, in the gestalt 4 of operation, feedback voltage command operation part 52C detects the control 
mode of AC motor Ml, determines the PI control gain which suited the detected control mode, and is 
characterized by calculating feedback voltage command Vdc_com_fb for setting output voltage V2 as 
electrical-potential-difference command Vdc_com using the determined PI control gain. 
[0270] With reference to drawing 22 , the actuation which controls the electrical-potential-difference 
conversion to output voltage V2 from the direct current voltage in the pressure-up converter 12 according to 
the control mode of AC motor Ml is explained. If actuation starts, the PI control gain decision section 524 
will set PI control gain as initial value (step S20). Specifically, the PI control gain decision section 524 sets 
up the PI control gain for the PWM control modes as initial value. And a subtracter 521 receives the output 
voltage V2 from a voltage sensor 13, and electrical-potential-difference command Vdc_com from the 
inverter input voltage command operation part 50, calculates the difference of electrical-potential-difference 
520 UTiand VdC - C ° m and out P ut volta ge V2, and outputs error deltaVdc to the control mode judging section 

[0271] The control mode judging section 520 receives the motor rotational frequency MRN and the torque 
command value TR from Exterior ECU, and judges them by the approach by which the control mode of AC 
motor Ml mentioned above whether it was the PWM control mode based on the motor rotational frequency 
MRN and torque command value TR which were received (step S2 1). 



[0272] In step S21, the control mode judging section 520 generates a signal SCM 1, when it judges with the 
control mode of AC motor Ml being the PWM control mode, and it outputs the signal SCM 1 and error 
deltaVdc from a subtractor 521 which were generated to the PI control gain decision section 524. And the PI 
control gain decision section 524 determines the PI control gain (proportional gain PG and integral gain IG) 
suitable for the PWM control mode based on the signal SCM 1 from the control mode judging section 520, 
and outputs the PI control gain and error deltaVdc which were determined to the PI control machine 525. 
The PI control gain decision section 524 sets proportional gain PG as 1.0, sets the integral gain IG as 0.1* 
and, more specifically, sets the PI control gain in the feedback control of the output voltage V2 from the ' 
pressure-up converter 12 as the PI control gain suitable for the PWM control mode (step S22). 
[0273] On the other hand, in step S21, the control mode judging section 520 judges whether the control 
mode of AC motor Ml is the overmodulation control mode based on the motor rotational frequency MRN 
and the torque command value TR, when it judges with the control mode of AC motor Ml not being the 
PWM control mode (step S23). 

[0274] And in step S23, when it judges with the control mode of AC motor Ml being the overmodulation 
control mode, the control mode judging section 520 generates a signal SCM 2, and outputs the signal SCM 2 
and error deltaVdc from a subtractor 521 which were generated to the PI control gain decision section 524. 
[0275] The PI control gain decision section 524 determines the PI control gain (proportional gain PG and 
integral gain IG) suitable for the overmodulation control mode based on the signal SCM 2 from the control 
mode judging section 520, and outputs the PI control gain and error deltaVdc which were determined to the 
PI control machine 525. The PI control gain decision section 524 sets proportional gain PG as 0 7 sets the 
mtegral gain IG as 0.07, and, more specifically, sets the PI control gain in the feedback control of 'the output 
voltage V2 from the pressure-up converter 12 as the PI control gain suitable for the overmodulation control 
mode (step S24). 

[0276] On the other hand, when the control mode judging section 520 judges with the control mode of AC 
motor Ml not being the overmodulation control mode in step S23, based on the motor rotational frequency 
MRN and the torque command value TR, the control mode of AC motor Ml judges whether it is the 
rectangle control mode (step S25). 

[0277] And in step S25, when it judges with the control mode of AC motor Ml being the rectangle control 
mode, the control mode judging section 520 generates a signal SCM 3, and outputs the signal SCM 3 and 
error deltaVdc from a subtractor 521 which were generated to the PI control gain decision section 524 
[0278] The PI control gain decision section 524 determines the PI control gain (proportional gain PG and 
mtegral gain IG) suitable for the rectangle control mode based on the signal SCM 3 from the control mode 
judging section 520, and outputs the PI control gain and error deltaVdc which were determined to the PI 
control machine 525. The PI control gain decision section 524 sets proportional gain PG as 0 5 sets the 
integral gam IG as 0.05, and, more specifically, sets the PI control gain in the feedback control 'of the output 
voltage V2 from the pressure-up converter 12 as the PI control gain suitable for the rectangle control mode 
(step S26). 

[0279] On the other hand, in step S25, when it judges with the control mode of AC motor Ml not being the 
rectangle control mode, the control mode judging section 520 generates Signal HLD, and outputs it to the PI 
control gain 525. The PI control gain decision section 524 holds PI control gain (proportional gain PG and 
integral gain IG) based on the signal HLD from the control mode judging section 520 (step S27) That is the 
PI control gain decision section 524 determines the initial value set up in step S20 as PI control gain 
[0280] In addition, setting up most greatly PI control gain (proportional gain PG and integral gain IG) when 
the control mode of AC motor Ml is the PWM control mode, and setting up lowest PI control gain ' 
(proportional gain PG and integral gain IG), when the control mode of AC motor Ml is the rectangle control 
mode is based on the following reason. 

[0281] Since it has a carrier frequency with the highest PWM control mode among the PWM control mode 
die overmodulation control mode, and the rectangle control mode, it has a carrier frequency with the next ' 
high overmodulation control mode and the rectangle control mode has the lowest carrier frequency even if 
it sets up PI control gain highly in the PWM control mode, it is because hunting (vibration) or overshoot will 
be produced in the rectangle control mode to hunting (vibration) or overshoot not arising if PI control gain is 
not set up low. 6 

[0282] The control mode of AC motor Ml Moreover, the PWM control mode, the overmodulation control 
mode, When it is not any of the rectangle control mode, either, that and the initial value of PI control gain is 
set up as PI control gain in the feedback control of the output voltage V2 of the pressure-up converter 12 
When the control mode of AC motor Ml is not any of the PWM control mode, the overmodulation control 
mode, and the rectangle control mode, either, it is necessary to return the direct current voltage currently 



supplied to the inverter 14 to DC power supply B through the pressure-up converter 12. It is because the 
direction which set the PI control gain in feedback control as the control gain suitable for the PWM control 
mode with the largest PI control gain can collect direct current voltage from an inverter 14 side to a DC- 
power-supply B side easily if it does so. 

[0283] Step S9-S1 1 of the flow chart shown in drawing 5 are performed after either of steps S22 S24 S26 
and S27. Then, return, steps S2 1 -S27, and step S9-S 1 1 are performed to step S2 1 repeatedly * ' 
[0284] Thus, the control mode of AC motor Ml is detected, and feedback control of output voltage V2 is 
performed so that PI control gain may be determined according to the detected control mode and the output 
voltage V2 of the pressure-up converter 12 may be in agreement with electrical-potential-difference 
command Vdc com. 

[0285] In addition, it is equivalent to determining PI control gain according to a carrier frequency to 
determine PI control gain according to to determine PI control gain according to the control mode of AC 
motor Ml i.e., the PWM control mode, the overmodulation control mode, and the rectangle control mode 
since the PWM control mode, the overmodulation control mode, and the rectangle control mode are the ' 
control modes from which a carrier frequency differs. 

[0286] Although explained having performed feedback control so that the output voltage V2 of the pressure- 
up converter 12 might be detected and the detected output voltage V2 might become electrical-potential- 
difference command Vdc_com in the above In the gestalt 4 of operation, as explained in the gestalt 2 of 
operation, the input voltage V3 to the pressure-up converter 12 is detected. Feedback control may be carried 
out so that the output voltage V2 calculated based on the detected input voltage V3 and the transfer factor in 
the pressure-up converter 12 may become electrical-potential-difference command Vdc_com. In that case 
step Sla of the flow chart shown in drawing 10 and actuation from which S2 change direct current voltage 
into output voltage V2 according to the flow chart inserted between step S20 of a flow chart and step S21 
which are shown in drawing 22 are performed. 

[0287] Moreover, in the gestalt 4 of operation, as explained in the gestalt 3 of operation, the temperature TB 
ot DC power supply B is detected, and it asks for the internal resistance Rb and supply voltage Vb of DC 
power supply B based on the detected temperature TB, and output voltage V2 may be calculated as input 
voltage V3 to the pressure-up converter 12, and feedback control of the supply voltage Vb for which it 
asked may be earned out so that the calculated output voltage V2 may become electrical-potential- 
difference command Vdc_com. In that case, step Sib of the flow chart shown in drawing 16 Sic and 
actuation .from which S2 change direct current voltage into output voltage V2 according to the flow chart 

St f eD St6P S2 ° ° f a fl ° W Chart and ste P S21 which shown in drawing 22 are performed 
[0288] Furthermore, motonsed equipment equipped with the electrical-potential-difference inverter by the 
gestalt 4 of operation may be motorised equipment 100D shown in drawing 23 . With reference to drawing 

E; r T 0n t S ?n T iP ? ent L°° D addS 3 CUn " ent SenSOr 28 311(1 an inverter 3 1 to motorised equipmenUOoT^e 
control unit 30 of motonsed equipment 100 is replaced with control unit 30D, and others are the same as^ 
motonsed equipment 100. 

[0289] In addition, a capacitor C2 receives the direct current voltage from the pressure-up converter 12 
through nodes Nl and N2, graduates the received direct current voltage, and supplies it not only to the 
mverter 14 but to the inverter 31. Moreover, a cmrent sensor 24 detects the motor cunent MCRT1 and 
outputs it to .control unit 30D. Furthermore, an inverter 14 changes the direct current voltage from 'a 
S 30 into alter ™ tin g voJ tage based on the signal PWMI1 from control-device 30D, drives AC motor 
Ae s'feLd PWMC T altemating V ° ltage which AC motor M1 generated based on 

[0290] An inverter 31 consists of the same configuration as an inverter 14. And based on the signal PWMI2 
from control-device 30D, an inverter 3 1 changes the direct current voltage from a capacitor C2 into 
alternating voltage dnves AC motor M2 and changes into direct current voltage the altemating voltage 
S T f f enera t e d based on the signal PWMC2. A cunent sensor 28 detects the motor current 

mSST^ fl ° WS t0 each phase of AC motor M2 ' a* 1 * 1 out P uts ^ to control unit 30D 
[0291] Control unit 30D receives the output voltage VI from DC power supply B from a voltage sensor 10 
receives the electneal potential difference V3 of the input side of the pressure-up converter 12 from a 
voltage sensor 1 1 , receives the motor currents MCRT1 and MCRT2 from current sensors 24 and 28 
respectively, receives the output voltage V2 (namely, input voltage to inverters 14 and 31) of the pressure- 
up converter 1 2 from a voltage sensor 1 3, and receives the torque command values TR1 and TR2 and the 

\ SSSSTi frequencies MRN1 MRN2 ft 01 " Exterior ECU. And control unit 30D generates the 
signal PWMI1 for carrying out switching control of NPN transistors Q3-Q8 of an inverter 14 when an 
inverter 14 dnves AC motor Ml by the approach mentioned above based on an electrical potential 



difference VI output voltage V2, the motor current MCRT1, the torque command value TR1, and the motor 
engine speed MRN1 , and it outputs the generated signal PWMI1 to an inverter 14. 

[0292] Moreover, control unit 30D generates the signal PWMI2 for carrying out switching control of NPN 
transistors Q3-Q8 of an inverter 31, when an inverter 31 drives AC motor M2 by the approach mentioned 
above based on an electrical potential difference VI, output voltage V2, the motor current MCRT2 the 
torque command value TR2, and the motor engine speed MRN2, and it outputs the generated signal PWMI2 
to an inverter 31. e 

[0293] Furthermore, when, as for control-device 30D, inverters 14 or 31 drive AC motors Ml or M2 An 
electrical potential difference VI, output voltage V2, the motor current MCRT1 (or MCRT2) The signal 
PWU for carrying out switching control of NPN transistors Ql and Q2 of the pressure-up converter 12 by 
the approach mentioned above based on the torque command value TR1 (or TR2) and the motor engine 
speed MRN1 (or MRN2) is generated, and it outputs to the pressure-up converter 12 

[0294] Furthermore, control unit 30D generates the signal PWMC2 for changing into direct current voltage 
the alternating yohage which the signal PWMC1 for changing into direct current voltage the alternating 
vohage which AC motor Ml generated at the time of regenerative braking, or AC motor M2 generated and 
outputs the generated signal PWMC1 or signal PWMC2 to an inverter 14 or an inverter 31, respectively In 
his case, control-device 30D generates the signal PWD which controls the pressure-up converter 12 to 
lower the pressure of the direct current voltage from inverters 14 or 31, and to charge DC power supply B 
and outputs it to the pressure-up converter 12. ' 
[0295] Furthermore, control unit 30D generates the signal SE for turning on the system relays SRI and SR2 
and outputs it to the system relays SRI and SR2. 

[0296] With reference to drawing 24 , control unit 30D contains motor torque control means 301D and 
electnca -potential-difference conversion control means 302D. Motor torque control means 301D generates 
a signal 1 and PWMI 2 based on the motor current 1 and MCRT 2, the torque command value 1 and TR 2 
the motor rotational frequency 1 and MRN 2, an electrical potential difference VI, and output voltage V2 ' 
and outputs it to inverters 14 and 31, respectively. Moreover, based on an electrical potential difference VI 
output voltage V2, the motor current MCRT1 (or MCRT2), the torque command value TR1 (or TR2) and ' 
the motor rotational frequency MRN1 (or MRN2), motor torque control means 301D generates Signal 
P WU, and outputs the generated signal PWU to the pressure-up converter 12 " 
[0297] If the hybrid car or electric vehicle in which motorised equipment 100D was carried receives the 
signal RGE which shows that it went into regenerative-braking mode from Exterior ECU, electrical- 
potential-difference conversion control means 302D will generate a signal 1 and PWMC 2 and Signal PWD 
P^t^ gyrated signal 1 and PWMC 2 to inverters 14 and 31, respectively, and will output Signal ' 
PWD to the pressure-up converter 12. 

[0298] With reference to drawing 25 , motor torque control means 301D replaces the feedback voltage 
command operation part 52 of the motor torque control means 301 with feedback voltage command 
operation part 52D, and others are the same as the motor torque control means 301 

[0299] The phase voltage operation part 40 for motor control calculates the electrical potential difference 
impressed to each phase of AC motor Ml based on the output voltage V2, the motor current MCRT1 and 
die torque command value TR1 of the pressure-up converter 12, and calculates the electrical potentia 
difference impressed to each phase of AC motor M2 based on output voltage V2, the motor current MCRT2 
and the torque command value TR2. And motor torque control means 301D outputs the electrical potential ' 

mfoOlTf 6 ^ e, t C rl°\ ¥l° T f ° r ^ 2 t0 the PWM Signal t™fomiatiaJ section 42 for inverter 
[0300] If the electrical potential difference for AC-motor Ml is received from the phase voltage operation 

PW^?i H 1 " ^ T* 01 ' th6 7 ^ Signal transformati ™ section ^ ** inverters will generate a 
PWMI1 based on the received electrical potential difference, and will output it to an inverter 14. Moreover 
if the electrical potential difference for AC-motor M2 is received from the phase voltage operation part lo 
for motor control, the PWM signal transformation section 42 for inverters will generate a signal PWMI2 
^n^u received Metrical potential difference, and will output it to an inverter 3 1 
L0301] The mverter input voltage command operation part 50 calculates electrical-potential-difference 
command Vdc_com based on the torque command value TR1 and the motor rotational frequency MRN1 (or 
die torque command value TR2 and the motor rotational frequency MRN2), and outputs the calculated 
?£™t P T i t f{eTCnCe comrnand Vdc_com to feedback voltage command operation part 52D. 
£?SS if V ?/? 8 i C ° mm , and Ration part 52D detects the control mode of AC motor Ml based on 
££n , P £h t f ' electncal -P ot ential-difference command Vdc.com, the motor rotational frequency 
^ \ i£ u T 6 conunand value ™ of the pressure-up converter 12, and detects the control mode of 
AC motor M2 based on output voltage V2, electrical-potential-difference command Vdc com, the motor 



rotational frequency MRN2, and the torque command value TR2. And feedback voltage command operation 
part 52D determines PI control gain according to the control mode of detected AC motors Ml and M2, 
calculates feedback voltage command Vdc_com_fb in feedback control using the determined PI control 
gain, and outputs it to the duty ratio transducer 54. 

[0303] With reference to drawing 26 , feedback voltage command operation part 52D replaces the control 
mode judging section 520 of feedback voltage command operation part 52C with control mode judging 
section 520D, and others are the same as feedback voltage command operation part 52C. 
[0304] The judgment approach of the control mode in control mode judging section 520D is explained. 
Control mode judging section 520D is detected by the approach which mentioned above the control mode of 
AC motor Ml based on the motor rotational frequency MRN1 and the torque command value TR1, and is 
detected by the approach which mentioned above the control mode of AC motor M2 based on the motor 
rotational frequency MRN2 and the torque command value TR2. And control mode judging section 520D 
judges the control mode over two AC motors Ml and the M2 whole based on the control mode of detected 
AC motors Ml and M2. 

[0305] More specifically control mode judging section 520D The map of the torque of a motor and the 
rotational frequency of a motor which are shown in drawing 21 like the control mode judging section 520 is 
held. If the torque command value TR1 and the motor rotational frequency MRN1 (or the torque command 
value TR2 and the motor rotational frequency MRN2) are received from Exterior ECU It searches in any of 
the fields RGN1-RGN3 of a map the torque command value TR1 and motor rotational frequency MRN1 (or 
the torque command value TR2 and the motor rotational frequency MRN2) which were received are 
contained. It judges any of the PWM control mode, the overmodulation control mode, and the rectangle 
control mode the control mode of AC motor Ml (or AC motor M2) is. 

[0306] In this case, the PWM control mode, the overmodulation control mode, and the rectangle control 
mode exist as the control mode of AC motor Ml, and the PWM control mode, the overmodulation control 
mode, and the rectangle control mode exist as the control mode of AC motor M2. Therefore, as shown in 
Table 1 to two AC motors Ml and the M2 whole, the nine control modes may exist 
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[0308] In Table 1, "deltaP" expresses the power fluctuation in the pressure-up converter 12 at the time of 
changing PI control gain. And the PWM control mode has small power fluctuation deltaP, power fluctuation 
deltaP of the overmodulation control mode is inside, and power fluctuation deltaP is enlarging the rectangle 
control mode. As this was mentioned above, since the carrier frequency which follows on the control mode 
of AC motor Ml (or M2) switching to the PWM control mode, the overmodulation control mode, and the 
rectangle control mode one by one, and turns on / turns off NPN transistors Ql and Q2 of the pressure-up 
converter 12 becomes low, the PWM control mode has smallest power fluctuation deltaP, power fluctuation 
deltaP of the overmodulation control mode is inside, and the rectangle control mode is because power 
fluctuation deltaP becomes the largest. 

[0309] Since the PWM control mode, the overmodulation control mode, and the rectangle control mode may 
exist as the control mode of AC motor M2 when the control mode of AC motor M 1 is the PWM control 
mode if it does so, when the control modes of AC motor M2 are the PWM control mode, the 



overmodulation control mode, and the rectangle control mode, respectively, power fluctuation deltaP 
becomes "smallness + smallness", "the inside of smallness +", and "smallness + size", respectively 
[03 10] Moreover, when the control mode of AC motor Ml is the overmodulation control mode and the 
control modes of AC motor M2 are the PWM control mode, the overmodulation control mode, and the 
rectangle control mode, respectively since the PWM control mode, the overmodulation control mode and 
the rectangle control mode may exist as the control mode of AC motor M2, power fluctuation deltaP ' 
becomes "inside + smallness", "the inside of inside +", and "inside + size", respectively. 
[031 1] Furthermore, when the control mode of AC motor Ml is the rectangle control mode and the control 
modes of AC motor M2 are the PWM control mode, the overmodulation control mode, and the rectangle 
control mode, respectively since the PWM control mode, the overmodulation control mode, and the 
rectangle control mode may exist as the control mode of AC motor M2, power fluctuation deltaP becomes 
"size + smallness", "the inside of size +", and "size + size", respectively. 

[0312] And control mode judging section 520D generates the signal which shows the control mode of two 
AC motors Ml and the M2 whole based on power fluctuation deltaP, and outputs the signal and error 
delta Vdc which were generated to the PI control gain decision section 524. 

[03 13] When the control mode of AC motor Ml and AC motor M2 is the PWM control mode, control mode 
judging section 520D generates a signal SCMD1, and, more specifically, outputs the signal SCMD1 and 
error delta Vdc which were generated to the PI control gain decision section 524. 

[0314] Moreover, when the control mode of AC motor Ml is the PWM control mode and the control mode 
of AC motor M2 is the overmodulation control mode, or when the control mode of AC motor Ml is the 
overmodulation control mode and the control mode of AC motor M2 is the PWM control mode control 
mode judging section 520D generates a signal SCMD2, and outputs the signal SCMD2 and error deltaVdc 
which were generated to the PI control gain decision section 524. 

[0315] Furthermore, when the control mode of AC motor Ml of control mode judging section 520D is the 
PWM control mode and the control mode of AC motor M2 is the rectangle control mode, Or when the 
control mode of AC motor Ml and AC motor M2 is the overmodulation control mode, Or when the control 
mode of AC motor Ml is the rectangle control mode and the control mode of AC motor M2 is the PWM 
control mode, a signal SCMD3 is generated and the signal SCMD3 and error deltaVdc which were 
generated are outputted to the PI control gain decision section 524. 

[0316] Furthermore, when the control mode of AC motor Ml is the overmodulation control mode and the 
control mode of AC motor M2 is the rectangle control mode, or when the control mode of AC motor Ml is 
the rectangle control mode and the control mode of AC motor M2 is the overmodulation control mode 
control mode judging section 520D generates a signal SCMD4, and outputs the signal SCMD4 and error 
deltaVdc which were generated to the PI control gain decision section 524. 

[0317] Furthermore, when the control mode of AC motor Ml and AC motor M2 is the rectangle control 
mode control mode judging section 520D generates a signal SCMD5, and outputs the signal SCMD5 and 
error deltaVdc which were generated to the PI control gain decision section 524 

[0318] The PI control gain decision section 524 changes PI control gain (proportional gain PG and integral 
gain IG) according to the signals SCMD1-SCMD5 received from control mode judging section 520D and 
determines the PI control gain used for the feedback control of output voltage V2. 
[0319] | The PI control gain decision section 524 will make the smallest the range of the cut of PI control 
gain, if a signal SCMD1 is received from control mode judging section 520D, and if a signal SCMD5 is 
received from control mode judging section 520D, more specifically, it will determine the PI control gain 
which enlarges most the range of the cut of PI control gain, and is used for the feedback control of output 
voltage V2. Therefore, the figure indicated by the column of the PI control gain in Table 1 means that the 
range ot the cut of PI control gain becomes large toward "1" -> "5." 

[0320] | And the PI control gain decision section 524 outputs the PI control gain determined as error deltaVdc 
to the PI control machine 525, and the PI control machine 525 substitutes PI control gain (proportional gain 
PG and integral gain IG) and error deltaVdc for a formula (1), calculates feedback voltage command 
Vdc_com_tb, and it outputs it to the duty ratio transducer 54. 

[0321] With reference to drawing 27 , the actuation which controls the electrical-potential-difference 
conversion to output voltage V2 from the direct current voltage in the pressure-up converter 12 according to 
the control mode of AC motors Ml and M2 is explained. 

/°? 22 2 Jm aC T tUa ?? n StartS ' ^ PI C ° ntro1 gain decision section 524 wi U set PI control gain as initial value 
(step b30). In this case, the PI control gain decision section 524 sets up the PI control gain for the PWM 
control modes as initial value. And a subtracter 521 receives the output voltage V2 from a voltage sensor 13 
and electncal-potential-difference command Vdc_com from the inverter input voltage command operation ' 



part 50, calculates the difference of electrical-potential-difference command Vdc_com and output voltage 
V2, and outputs error delta Vdc to control mode judging section 520D. 

[0323] Control mode judging section 520D receives the motor rotational frequency 1 and MRN 2 and the 
torque command value 1 and TR 2 from Exterior ECU. Based on the motor rotational frequency 1 and MRN 
2 and torque command value TR 1 and 2 which were received, each control mode of AC motors Ml and M2 
is detected (step S31). Based on the control mode of the detected AC motors Ml and M2, the signal (either 
of the signals SCMD1-SCMD5) which shows the control mode of two AC motors Ml and the M2 whole is 
generated, and it outputs to the PI control gain decision section 524. 

[0324] The PI control gain decision section 524 is determined by the approach which mentioned above the 
PI control gain corresponding to the signals SCMD1-SCMD5 from control mode judging section 520D (step 

[0325] In addition, in step S31, control mode judging section 520D detects the control mode of AC motors 
Ml and M2 by the more specifically same actuation as the actuation in steps S21, S23, and S25 of the flow 
chart shown in drawing 22 . 

[0326] Step S9-S1 1 mentioned above are performed after step S32, and according to the control mode of 
two AC motors Ml and the M2 whole, feedback control of the output voltage V2 of the pressure-up 
converter 12 is carried out so that it may be in agreement with electrical-potential-difference command 
Vdc_com. 

[0327] Then, return, steps S31-S32, and step S9-S1 1 are performed to step S31 repeatedly 
[0328] In addition, control mode judging section 520D may judge the control mode of the large motor of 
output capacity to be the control mode of two AC motors Ml and the M2 whole, when the output capacity 
of AC motors Ml and M2 differs mutually. 

[0329] Moreover, in motorised equipment 100D, as explained in the gestalt 2 of operation, the input voltage 
V3 to the pressure-up converter 12 may be detected, and feedback control may be carried out so that the 
output voltage V2 calculated based on the detected input voltage V3 and the transfer factor in the pressure- 
up converter 12 may become electrical-potential-difference command Vdc_com. In that case step Sla of the 
flow chart shown in drawing 10 and actuation from which S2 change direct current voltage into output 
voltage V2 according to the flow chart inserted between step S30 of a flow chart and step S31 which are 
shown in drawing 27 are performed. 

[0330] Furthermore, in motorised equipment 100D, as explained in the gestalt 3 of operation the 
temperature TB of DC power supply B is detected, and it asks for the internal resistance Rb and supply 
voltage Vb of DC power supply B based on the detected temperature TB, and output voltage V2 may be 
calculated as input voltage V3 to the pressure-up converter 12, and feedback control of the supply voltage 
Vb for which it asked may be carried out so that the calculated output voltage V2 may become electrical- 
potential-difference command Vdc_com. In that case, step Sib of the flow chart shown in drawing 16 Sic 
and actuation from which S2 change direct current voltage into output voltage V2 according to the flow ' 
S^nTlf between ste P S3 ° of a flow chart an d step S3 1 which are shown in drawing 27 are performed 
[033 1] Furthermore, in motorised equipment 100D, the motor which should be driven may be not onlv two' 
pieces but three pieces or more. y 

[0332] Even when the control mode of a motor changes since it has the control means which controls the 
electncal-potential-difference conversion to output voltage from direct current voltage so that according to 
the gestalt 4 of operation an electrical-potential-difference inverter may detect the control mode of a motor 
the PI control gain which suits the detected control mode may be determined as the PI control gain of 
feedback control and output voltage may become an electrical-potential-difference command, direct current 
vo tage can be stabilized and changed into output voltage so that output voltage may become an electrical- 
potential-difference command. 

[0333] With reference to [gestalt 5 of operation] drawing 28 , motorised equipment 100E equipped with the 
electncal-potential-difference inverter by the gestalt 5 of operation replaces the control unit 30 of motorised 
equipment 100 with control unit 30E, and others are the same as motorised equipment 100 
[0334] With reference to drawing 29 , control unit 30E replaces the motor torque control means 301 of a 

™J? n Wlth m ° t0r tOTqUe Contro1 means 301E > ^ others *« the same as a control unit 30 

[0335] Motor torque control means 301E generates Signal PWMI based on the output voltage V2 of the 
motor current MCRT, the torque command value TR, and the pressure-up converter 12, and outputs it to an 
inverter 14. Moreover, motor torque control means 301E detects the control mode of AC motor Ml based 
°?*? e T? t0 ! !; 0t A a !i onal fre <l uen cy MRN and the torque command value TR. According to the control mode 
of the detected AC motor Ml, the PI control gain in the feedback control of output voltage V2 is 
determined. And the determined PI control gain is adjusted to fluctuation of output voltage V2 the signal 



PWU for changing direct current voltage into output voltage V2 so that output voltage V2 may be in 
agreement with electrical-potential-difference command Vdc_com is generated, and it outputs to a converter 

[0336] With reference to drawing 30 , motor torque control means 30 IE replaces the feedback voltage 
command operation part 52 of the motor torque control means 301 with feedback voltage command 
operation part 52E, and others are the same as the motor torque control means 301 . 
[0337] Feedback voltage command operation part 52E is detected by the approach (gestalt 4 reference of 
operation) which mentioned above the control mode of AC motor Ml based on the motor rotational 
frequency MRN and the torque command value TR. According to the detected control mode, PI control gain 
(proportional gain PG and integral gain IG) is determined. And the determined PI control gain is adjusted 
according to fluctuation of output voltage V2, final PI control gain is determined, feedback voltage 
command Vdc_com_fb is calculated using the final PI control gain, and it outputs to the duty ratio 
transducer 54. 

[0338] With reference to drawing 31 , feedback voltage command operation part 52E contains the control 
mode judging section 520, a subtractor 521, the rate-of-change decision section 522, the electrical-potential- 
difference error judging section 523, PI control gain decision section 524A, and the PI control machine 525 
[0339] It is as having mentioned above about the control mode judging section 520, a subtractor 521 the 
rate-of-change decision section 522, the electrical-potential-difference error judging section 523 and the PI 
control machine 525. ' 

[0340] PI control gain decision section 524A determines the PI control gain according to the control mode 
of AC motor Ml based on the signal (either of the signals SCM1-SCM3) which shows the control mode of 
AC motor Ml from the control mode judging section 520, and adjusts the determined PI control gain 
^[J T ng t0 , the Slgnal GUP from the electri cal-potential-difference error judging section 523, GHLD and 
GDWN, and determines final PI control gain. And PI control gain decision section 524A outputs the ' 
determined final PI control gain to the PI control machine 525. 

[0341] Thus, PI control gain decision section 524 A is characterized by determining the PI control gain 
according to the control mode of AC motor Ml, adjusting the determined PI control gain further to 
fluctuation of output voltage V2, and determining final PI control gain. 

[0342] In addition, it is referred to as "Adjusting to the suitable control gain for the control mode of an AC 
motor to determine PI control gain according to the control mode of AC motor Ml, and it is referred to as 
Adjusting suitable control gain to the optimal control gain based on fluctuation of output voltage V2" to 
adjust further the PI control gain determined according to the control mode to fluctuation of output voltage 

[0343] In the gestalt 5 of operation, actuation which controls the electrical-potential-difference conversion to 
output voltage V2 from the direct current voltage in the pressure-up converter 12 is performed according to 
the flow chart shown in drawing 32 . 6 
[0344] The flow chart shown in drawing 32 is a flow chart which added steps S2-S1 1 of the flow chart 
shown in drawing 5 to steps S20-S27 of the flow chart shown in drawing 22 

[0345] The actuation performed with reference to drawing 32 according to steps S21-S27 is actuation which 
detects the control mode of AC motor Ml based on the motor rotational frequency MRN and the torque 
command value TR. Moreover, the actuation performed according to steps S2-S1 1 is actuation controlled so 
that PI control gain is adjusted to fluctuation of output voltage V2 and output voltage V2 becomes electrical- 
potential-difference command Vdc_com. 

fSS ef ° r ?' the o^ ta i!f. d actuation in ste P s S20 -S27 and steps S2-S1 1 is as having mentioned above. 
[0347] Return, steps S21-S27, and steps S2-S1 1 are performed after step SI 1 to step S21 
[0348] Although explained having performed feedback control so that the output voltage V2 of the pressure- 
up converter 12 might be detected and the detected output voltage V2 might become electrical-potential- 
difference command Vdc_com in the above In the gestalt 5 of operation, as explained in the gestalt 2 of 
operation the input voltage V3 to the pressure-up converter 12 is detected. Feedback control may be carried 
out so that the output voltage V2 calculated based on the detected input voltage V3 and the transfer factor in 
the pressure-up converter 12 may become electrical-potential-difference command Vdc com In that case 
actuation whose step Sla of the flow chart shown in drawingJO changes direct current voltage into output 
voltage V2 according to the flow chart inserted between steps S22, S24, S26, and S27 of a flow chart and 
step S>2 which are shown in drawing 32 is performed. 

[0349] Moreover, in the gestalt 5 of operation, as explained in the gestalt 3 of operation, the temperature TB 
of DC power supply B is detected, and it asks for the internal resistance Rb and supply voltage Vb of DC 
power supply B based on the detected temperature TB, and output voltage V2 may be calculated as input 



voltage V3 to the pressure-up converter 12, and feedback control of the supply voltage Vb for which it 
asked may be carried out so that the calculated output voltage V2 may become electrical-potential- 
difference command Vdccom. In that case, actuation whose step Sib of the flow chart shown in drawin g 
16 and Sic change direct current voltage into output voltage V2 according to the flow chart inserted 
between steps S22, S24, S26, and S27 of a flow chart and step S2 which are shown in drawing 32 is 
performed. 

[0350] Furthermore, PI control gain is determined according to the control mode of each motor, and you 
may make it adjust the determined PI control gain further to fluctuation of the output voltage of the 
pressure-up converter 12 to two or more motors, as explained in the gestalt 4 of operation. In that case, steps 
S31 and S32 of the flow chart which replaces with steps S21-S27 of the flow chart shown in drawing 32 , 
and is shown in drawing 27 are performed. 

[0351] According to the gestalt 5 of operation, an electrical-potential-difference inverter determines the PI 
control gain according to the control mode of a motor, adjusts the determined PI control gain further 
according to fluctuation of output voltage, and since it is equipped with the control means which carries out 
feedback control of the conversion to output voltage from direct current voltage so that output voltage may 
be in agreement with an electrical-potential-difference command, it can stabilize output voltage to 
fluctuation of the control mode of a motor, or fluctuation of the output voltage of a pressure-up converter. 
[0352] In addition, in the gestalten 1-5 of operation, although the feedback control by PI control was 
explained, feedback control by PID control may be performed in this invention. In that case, it is adjusted by 
the approach which PID-control gain (proportional gain PG, the integral gain IG, rate-gain DG) mentioned 
above, and feedback control is carried out so that output voltage V2 may be in agreement with electrical- 
potential-difference command Vdc_com. 

[0353] Moreover, in this invention, the "error" used in the above may be expressed as "deflection." 
[03 54] It should be thought that the gestalt of the operation indicated this time is [ no ] instantiation at 
points, and restrictive. The range of this invention is shown by the above-mentioned not explanation but 
claim of the gestalt of operation, and it is meant that all modification in a claim, equal semantics, and within 
the limits is included. 



[Translation done.] 



* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g.!] It is the outline block diagram of motorised equipment equipped with the electrical-potential- 
difference inverter by the gestalt 1 of operation. 

[Drawi ng 2] It is the functional block diagram of the control device shown in drawing 1 . 

[Drawing.3] It is a functional block diagram for explaining the function of the motor torque control means 

shown in drawing 2 . 

[Drawin g,!] It is a functional block diagram for explaining the function of the feedback voltage command 
operation part shown in drawing 3 , and a duty ratio transducer. 

[Drawin g_5] It is a flow chart for explaining the control action of the electrical-potential-difference 
conversion in the gestalt 1 of operation. 

[Drawin g_6] It is the outline block diagram of motorised equipment equipped with the electrical-potential- 
difference inverter by the gestalt 2 of operation. 

[Drawin gJZ] It is the functional block diagram of the control device shown in drawing 6 . 

[Drawing It is a functional block diagram for explaining the function of the motor torque control means 

shown in drawing 7 . 

[Drawin g9,] It is a functional block diagram for explaining the function of the feedback voltage command 
operation part shown in drawing 8 , and a duty ratio transducer. 

[Drawing JO] It is a flow chart for explaining the control action of the electrical-potential-difference 
conversion in the gestalt 2 of operation. 

[Drawin gJJJ It is the outline block diagram of motorised equipment equipped with the electrical-potential- 
difference inverter by the gestalt 3 of operation. 

[Drawin g 12] It is the functional block diagram of the control device shown in drawing 1 1 . 

[Drawin g_L3] It is a functional block diagram for explaining the function of the motor torque control means 

shown in drawing 12 . 

[Drawing 14] It is a functional block diagram for explaining the function of the feedback voltage command 
operation part shown in drawing 13 , and a duty ratio transducer. 

[Drawin gJ5] It is the related Fig. of the internal resistance of DC power supply, and temperature. 
[Draw ing-16] 11 is a flow chart for explaining the control action of the electrical-potential-difference 
conversion in the gestalt 3 of operation. 

[Drawing 17] It is the outline block diagram of motorised equipment equipped with the electrical-potential- 
difference inverter by the gestalt 4 of operation. 

[Drawin gJ8] It is the functional block diagram of the control device shown in drawing 1 7 . 

[Drawin gJ91 It is a functional block diagram for explaining the function of the motor torque control means 

shown in d rawing 18 . 

[Drawin g 20] It is a functional block diagram for explaining the function of feedback voltage command 
operation part shown in drawing 19 . 

[Drawing21] It is the related Fig. of the torque of a motor, and a motor rotational frequency. 
[Drawin£22] It is a flow chart for explaining the control action of the electrical-potential-difference 
conversion in the gestalt 4 of operation. 

[Drawing 23] They are other outline block diagrams of motorised equipment equipped with the electrical- 
potential-difference inverter by the gestalt 4 of operation. 

[Drawin g 24] It is the functional block diagram of the control device shown in drawing 23 . 

[Drawing 25] It is a functional block diagram for explaining the function of the motor torque control means 

shown in drawing 24 . 

[D rawing 26] It is a functional block diagram for explaining the function of feedback voltage command 



operation part shown in drawing 25 . 

[Drawi ng_27] It is a flow chart for explaining other control action of the electrical-potential-difference 
conversion in the gestalt 4 of operation. 

[Drawin g 28 ] It is the outline block diagram of motorised equipment equipped with the electrical-potential- 
difference inverter by the gestalt 5 of operation. 

[Drawin g 29] It is the functional block diagram of the control device shown in drawing 28 . 

[DrawingJjOl It is a functional block diagram for explaining the function of the motor torque control means 

shown in drawing 29 . 

[Drawin g,!!] It is a functional block diagram for explaining the function of feedback voltage command 
operation part shown in drawing 30 . 

£^av^g.32J It is a flow chart for explaining the control action of the electrical-potential-difference 
conversion in the gestalt 5 of operation. 

[Drawing 33] It is the outline block diagram of conventional motorised equipment. 
[Description of Notations] 

10, 1 1, 13,320 A voltage sensor, 10A Thermo sensor, 12 14 A pressure-up converter, 31,330 An inverter, 15 
U phase arm, 16 V phase arm, 17 W phase arm, 24, 25, 28 Current sensor, 30, 30A, 30B, 30C, 30D, 30E A 
control unit, 40 Phase voltage operation part for motor control, 42 The PWM signal transformation section 
for inverters, 50 Inverter input voltage command operation part, 52, 52A, 52B, 52C, 52D, 52E Feedback 
voltage command operation part, 54 A duty ratio transducer, 100,100A, 100B, 100C, 100D, 100E, 300 
Motorised equipment, 301,301 A, 301B, 301C, 301D, 301E Motor torque control means, 302,302D 
electrical-potential-differences conversion control means, 310 Bidirectional converter, 520,520D The 
control mode judging section, 521 A subtracter, 522 Rate-of-change judging section, The 523 electrical- 
potential-difference error judging section, 524,524A PI control gain decision section, 525 A PI control 
machine, the 526,527 output-voltage generation section, 541 Duty ratio operation part for converters, 542 
The PWM signal transformation section for converters, B DC power supply, SRI, SR2 System relay, CI, 
C2 A capacitor, L 1,31 1 A reactor, Ql-Q8,312,313 An NPN transistor, Dl-D8,314,315 Diode, Ml, M2 AC 
motor. 
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